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ARTILLERY  SAFETY  AJiB  ARriifH,  DEVICE 


1.  Background,  StateMnt  of  the  Prcblea 

The  objective  of  the  program  was  to  design  and  develop 
a  safety  and  arming  device  for  general  artillery  use  incor¬ 
porating  dashpot  functions  to  delay  a rnira  and  self- 
destruction.  The  concept  involved  uie  replacement  of  the 
gear  driven  runaway  escapement  of  the  current  IU25A1  booster 
{Ordnance  Partn  Ho.  8S95S41)  with  a  simpler  secnanisn 
utilizing  a  Sharp  Edge  Orifice  Dashpot  (SHOD)  for  arcing 
d-elay  and  a  Liquid  Annular  Orifice  Dashpot  (LAOD)  for  self- 
destruct  to  “clean  up*  dud  rounds. 

The  work  was  to  be  based  upon  Ereed  Corporation's  un¬ 
solicited  proposal  dated  Kay  23,  1269,  “Artillery  Booster 
Assembly*  and  ASVOTj-BAB,  Branch  420,  of  terry  Diamond 
Laboratories'  Technical  Evaluation  of  Breed's  proposal  dated 
June  27,  1269,  as  incorporated  into  the  Statement  of  L’orfc 
DAAG-32-70-R-3047  of  January  12,  1972. 

In  addition,  the  program  sought  a  solution  for  QKU 
Problem  Ko.  72,  “High  Performance  Artillery  arc  ;artar  Foint 
Detonating  Fuzes*  which  requires  a  substantial  reduction  of 
overall  duds  without  affecting  safety  Weis,  increases 
manufacturability  to  eliminate  human  error,  and,  if  possible, 
also  reduce  costs. 
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2.  Description  of  Operation 


The  artillery  safety  and  arcing  device  (Breed  Drawing 
Ho.  508970)  when  attached  to  a  fuze  and  fired  free  an  artillery 
gun  or  howitzer  remains  out-of-line  for  at  least  70  caters 
after  leaving  the  barrel  of  the  gun. 

The  setback  is  recorded  on  a  SHEASFLGO  and  uoon  experiencing 
a  proper  setback  acceleration,  the  SKEA3FLG0  piston  begins  coving 
downward  in  its  cylinder  with  its  notion  being  opposed  by  a  bias 
force  freo  the  SKEARFLOD  spring  arid  a  viscous  shearing  force  re¬ 
sulting  froa  the  relative  cation  of  the  SHEARFLGO  pin  and  its 
cylinder.  Once  the  spinning  projectile  exits  froa  the  cuzzle, 
the  two  slider  detent  pins  begin  coving  outward  against  their 
respective  slider  detent  springs  due  to  centrifugal  acceleration. 
Thus,  under  a  o roper  firing  environment,  the  three  detents  are 
removed  froc  locking  the  slider  weight  assembly  which  is  nca 
free  to  coys  radially  outward  also  due  to  centrifugal  acceleration. 
After  a  short  notion,  the  slider  weight  assembly  inpacts  on  tne 
tiaing  pin  which  punctures  a  foil  seal  in  the  SE®  assedily  and 
bears  on  the  SEOD  piston.  This  creates  a  pressure  in  the  five 
centistoke  silicone  fluid  which  prevpnts  further  notion  of 
the  SEOD  piston  assembly  except  at  the  rate  determined  by 
the  flow  of  the  fluid  through  the  sharu  edge  orifice  in  the 
SEOO  piston.  The  flew  rate  of  the  fluid  through  the  hole 
thus  determines  the  tine  it  takes  for  the  slider  weight  assembly 
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to  cove  to  its  cuteraost  radial  position. 

Uhen  the  slider  Height  asserbly  reaches  its  outeraost 
radial  position,  three  detonators  become  aligned  with  three 
lead  cup  assemblies,  ihe  fuze  is  row  artsd  and  can  be  initiated 
in  one  of  two  codes.  Any  standard  artillery  fuze  placed  above 
the  artillery  S  &  k  booster  assembly  which  can  currently  be  used 
with  the  standard  :il25  can  be  used  with  this  S  S  A.  The  ex¬ 
plosive  output  of  such  fuzes  is  sufficient  to  ignite  the  K55 
detonator.  This  detonator  in  turn  sill  ignite  both  codified 
XK-76-E3,  50  Billisecond  delay  detonators  and  in  turn  ignite 
all  three  lead  cup  assemblies  which  carry  ihe  explosion  to  the 
tain  explosive  charge.  In  addition,  any  new  fuze  having 
nothing  core  than  a  firing  pin  positioned  above  the  aligned 
K55  detonator  can  be  used  to  initiate  the  round.  If  the  primary 
fuze  fails  or  if  in  the  second  exarple  the  firing  pin  is  re¬ 
coved  or  locked  out,  impact  of  the  projectile  with  a  target 
causes  both  codified  BS-76-E3,  53  Billisecond  delay  detonators 
to  cove  forward  against  firing  pins  in  the  cover  resulting  in 
initiation  of  the  rain  charge  redundantly  in  tee  delay  cede. 

The  SHEASflK!  setback  pin  differs  fros  conventional  soring 
cass  setback  pins  in  that  it  requires  an  acceleration  of  above 
a  niniraa  magnitude  and  also  lasting  for  a  significant  duration. 
Thus,  tee  setback  oin  will  accurately  differentiate  between  29 
foot  drop  and  a  ninicur  g  rortar  firing,  for  exarple,  signi*:- 
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cantly  increasing  the  drop  safety  of  the  round. 

The  design  in  addition  contains  three  redundant  explosive 
trains  u-hich  greatly  increase  the  reliability  of  the  pro¬ 
jectile  exploding  in  the  suoerquick  and  delay  codes  and  signi¬ 
ficantly  reduces  the  incidence  of  duds. 

Esery  part  in  the  S  J  A  has  been  designed  for  production 
on  hich  volume  cess  production  machines.  l!ost  parts  are 
starped,  draan  or  extruded  with  a  minion  of  parts  requiring 
netal  cutting.  In  addition,  all  of  the  non-explosive  parts 
are  cade  from  aluminum  or  steel,  thus  eliminating  the  need 
for  critical  caterials  such  as  copper  and  brass. 

3.  Theory 
3.1  General  SEOO 

The  timer  or  integrator  used  in  this  artillery  S  S  A  is 
based  cn  the  SEOO,  or  Sharp  Edge  Orifice  eesfcpot,  technology. 
V;s  simplest  echedionst  of  the  SEOD  consists  of  a  piston  having 
a  sharp  edge  .office  traveling  in  a  cylinder  in  such  a  manner 
that  the  predominant  fluid  flow  occurs  through  the  sharp  edge 
o rifle.'  K.th  "re  flow  ir<  a  clearance  between  the  Diston  and 
cylins-'v*  negligible.  In  addition,  flew  in  the  orifice 
must  be  at  sufficiently  large  Reynolds  nurijers  so  that  viscous 
effects  in  the  orifice  can  be  neglected,  in  all  cases  the 
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resistance  te  the  cotion  of  the  piston  arises  froci  the  ir.ertial 
flow  of  the  fluid  through  the  orifice  and  the  dynamics  of  the 
piston  can  be  neglected. 

Bernoulli’s  equation  for  this  case  becomes  simply: 

ri  wl 


(3.1.1) 


Therefore, 


v  -.m 

r  s 


Q  =  KBY  -  KB/'  f- 

x  =  a  =  b.  r®. 

A  A  A  /  0 

ng 

.  LA  fTK 

1  "  KB/  2F 

t  =  time  delay  (sec.) 

L  =  length  of  pistcr,  travel  (in.) 

A  =  area  of  piston  cross  sectun  (in  ) 
B  =  area  of  orifice  (in^i 


(3.1.2) 


(3.1.3) 


a  =  densi  ty 


lbs.  sec 


K  =  experimental  orifice  constant  (acproxicately  .7) 
F  =  fcrce  (lbs.) 

Y  =  velocity  of  fluid  ir.  orifice  (j|jr) 

X  =  velocity  of  piston  (j|2) 

Q  =  volume  flcr  rate  (in^/sec) 

?  -  pressr."'  drop  across  orifice 


The  ties  delay  as  expressed  by  equation  (3.1.3)  is  not 
dependent  cn  the  viscosity  of  the  fluid  and  thus  accuracy 
should  be  relatively  independent  of  temperature.  However, 
for  equation  (3.1.3)  to  be  accurate,  the  flow  through  the 
clearance  must  be  negligible  over  the  entire  teraerature 
range  of  operation.  In  addition,  viscous  effects  in  the 
orifice  must  be  negligible  which  implies  that  the  Reynolds 
number  mast  be  significantly  greater  than  1  and  that  the  ratio 
of  the  length  to  diameter  of  the  orifice  should  be  snail. 

The  flew  through  the  clearance  between  the  piston  and 
cylinder  can  be  approximated  by  a  flew  through  a  rectangular 
slit  since  h«R.  for  a  liquid  under  the  conditions  here  the 
flow  can  be  conside.ee  steady  state  and  incompressible.  For 
the  case  where  the  piston  and  cylinder  axes  are  parallel,  as 
will  be  assumed  here,  the  flow  is  one  dicentional.  For  these 


assumptions  the  equations  of  motion  reduce  to: 


(3.1.4) 


Integrating  equation  (3.2. s)  twice  yields: 


..v  -  ®  l!  +  r  y  +  r 
'Yx  '  cx  2  h  1  u2 


(3.1.4) 


Assuming  no  slip  at  ‘he  walls  and  that  the  velocity  of 
the  piston  can  be  neglected  with  respect  to  «id-streaa 
fluid  velocity 


tririch  yields: 


c2  =  o 


d?  h 
oX  1 


Thus, 


\-k  § {lf2 - hY) 


(3.1.6) 

vhi dl  is  the  faniliar  parabolic  velocity  profile. 

The  total  flav  of  fluid  can  non  easily  be  found  by 
integrating:  h 

Q  =  )2rRVxdY  =  ^  §  J(Y2-hY)dY 


Thus. 


Q  * 


_  xRh“  d? 


(3.1.7) 


6u  dX 

and  since  the  pressure  gradient  is  constant  providing  the 
piston  and  cylinder  axes  are  parallel  and  the  clearance  is 
constant,  equation  (3.1.7)  becoces: 


xRh-{P--P.) 

<i  -  -W  - 


(3.1.8) 


The  pressure  drop  can  be  related  tc  the  force  applied 
to  the  piston, 

F  =  (?2  -  Pj):^ 

Also,  assieing  negligible  piston  acceleration,  the  velocity 
of  the  piston  car.  be  related  to  the  volume  fla<  rate. 
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Substituting  these  equations  into  3.1.3  and  rearranging 


y  =  coordinate  axis  perpendicular  to  oiston  and 
cylinder  walls 

?2  =  pressure  inside  cylinder 
Pj  =  atrosohere  pressure 
H  =  cean  radial  ciearar.ce 
For  the  flow  in  the  clearance  to  be  negligible, 
therefore,  the  ratio  of  the  tice  delay  due  to  flow  through 
the  clearance  to  the  tice  delay  for  flow  through  the  orifice 
cust  be  large.  Tnerefore,  dividing  equation G.l. 1C}  by 

equation  (3.1.3)  yields: 

"c  - 

*o  '  h3  £f 

Vhere: 

K.  =  6.L£zl.  =  i.34 

2.5  /T* 

tc  =  tise  for  travel  if  all  fluid  traveled  through 
the  clearance  (sec.) 

t  =  tice  for  trave1  if  all  fluid  traveled  through 
the  orifice  (sec.) 

2 

•i  =  viscosity  (lb. sec/in  ) 

L1  -  length  of  piston  (in.) 
o  =  density 

in  - 

B  =  area  of  orifice  (in^) 

F  =  applied  force  (lbs) 
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The  second  condition  that  viscous  effects  should  he 
negligible  for  the  flow  through  the  orifice,  requires  that  th 


Reynolds  rosier  should  be  cuch  gi eater  than  one.  Thus; 


ft  =  —  »  ! 
e  v 


Where: 

Y  =  fluid  velocity  {in/sec) 

2 

v  =  kinematic  viscosity  (in  /sec) 
d  =  diameter  or  orifice 


The  fluid  velocity  can  he  evaluated  froa  the  flow  (Q) 
through  the  orifice  for  steady  state  flow: 


and 


Therefore; 


(3.1.11) 


These  equations  have  been  progressed  in  a  slightly 
different  fern  to  permit  a  numerical  integration  of  the 
weight  travel  since  the  force  on  the  piston  varies  as  the 
weight  coves  to  a  larger  distance  frcr-  the  spin  axis.  Some 
representative  results  are  shown  in  Tables  3.1  to  3.6. 


Column  !  in  the  tables  renrtsents  the  angular  velocity 
of  the  projectile.  Column  2  is  the  tine  required  for  the 
weight  to  travel  frca  a  radius  of  .05  inch  to  .325  inch. 

This  is  calculated  by  numerically  integrating  the  piston 
velocity  over  time  where  the  piston  velocity  is  the  sun  of 
the  velocity  due  to  flou  through  the  clearance  and  the  flow 
through  the  hole.  Column  3  is  the  leak  ratio  which  is  the 
ratio  of  the  total  flew  through  the  clearance  to  the  total 
flow  through  the  orifice.  Column  4  is  the  Reynolds  number 
calculated  according  to  equation {3.1. ifiwith  the  travel 
due  to  the  flow  through  the  orifice  substituted  for  L. 

The  results  in  Tables  3.2  through  3.6  show  the  spin 
rate,  tics,  leak  ratio,  Reynolds  number  and  turns  to  ara  for 
fluids  of  1  centistcke,  5  centistoke,  and  50  centistoke  viscosity 
For  Each  viscosity  runs  are  trade  at  165°F  and  at  -65°F.  Looking 
at  Table  3.1  and  3.2  for  the  1  cs  oil,  the  turns  to  arm  ratio 
stays  remarkably  constant  at  -65°,  however,  varies  considerably 
at  165°F.  For  5  centistcke  fluid,  however,  the  variation  is 
such  less  not  only  as  a  function  of  spin  but  also  as  a  function 
of  temperature.  Similarly  with  50  centistoke  fluid,  good 
results  are  also  obtained  exceol  for  the  ract  that  at  -65°  the 
Reynolds  number  gets  nuite  low  which  casts  doubt  on  the 
assumption  of  inertial  flow  through  the  orifice.  Since  little 
accuracy  is  gained  by  going  free  5  to  50  centistoke  fluid,  5 
centistcke  fluid  was  chosen  for  this  application. 
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LE4K  RATIO 
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?c  , 
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5528.94 

42 

3222 

.8125 
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8314.31 

41 
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.358437 

.35S5S2 

.3125 
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ARTILLERY  SEOD  PROGRAM  -  11/26/7? 

REVISED  -  IP/14/71 

FLUID  IS  5  CENTI STOKE  SILICOGE 
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ORIFICE  DIAMETER  =  5.4PPBOE-P3  ISCKES 


SPIN 

(RPM) 

TIME 

LEAK  RATIO 

REySOLDS  NO. 

TUR! 
TO  . 

2PBP 

1.4375 

6.69561  E-P-3 

629.244 

48 

3PPP 

.953125 

1.0B595E-P2 

915.472 

45 

4PPP 

.71E75 

1.34219E-P2 

1228.65 

4E 

5PPS 

.578125 

1. 67889 E-P? 

1526.33 

48 

6PPP 

.476562 

2.P1886E-P2 

1836.3 

45 

7PPP 

•4P625 

2.34a54E-P2 

2137.25 

47 

SPPP 

.351562 

2.67244E-P2 

2431.96 

47 

pp.r.p 

.3125 

3.PP574E-P2 

2734.74 

47 

1PPPP 

.28125 

3.33864E-P2 

3P37.22 

47 

1  SPPP 

.257812 

3.6F436E-P2 

3340.30 

47 

12PPP 

.234375 

4.0379~E~P2 

3672.19 

47 

13EPP 

.214844 

4.36381  E-P2 

3969.26 

47 

14PPZ 

.1$°2I9 

4.6S877E-P2 

4273.47 

46 

15PPP 

,1F35?4 

5.P1P24E-P2 

4559.P2 

46 

16PPP 

.171875 

5.34327E-P2 

4561.55 

46 

17PPP 

. 1 64P62 

5.71275E-P2 

5192.82 

46 

1SPPP 

.152344 

6.PP8EJE-P2 

5465.P7 

46 

1SP7P 

.144531 

6.34F79F-P2 

5773.76 

46 

2PPP0 

.136710 

6.6736PE-P-2 

5069.48 

46 

21PPP 

.132812 

7.P6F1FE-P2 

642P.21 

46 

22P?P. 

•123P47 

7.37439E-P2 

67P.8.64 

45 

23PPP 

.117187 

7.701 47E-P2 

7P06.62 

45 

24FP? 

.111328 

8.P1327E-P2 

7252.47 

45 

25P-PP 

.107422 

8.37PEPE-P2 

7614.43 

45 

SAX I MUM  HOLE  LENGTH  =  3.2B992E-P2  IS. 


* 


TABLE  3.4 


ARTILLERY  SHOD  PROGRAM  -  11/26/73 
REVISE?)  -  13/14/71 

FLUID  IS  5  CESTI STOKE  SILICOKE 

FLUID  VISCOSITY  =  133  CESTIP0I8E 

TEMPERATURE  =  -65  EEG.F 

DENSITY  OF  FLU.'  =  1.3632  GMS/CU.CM 


ME  AO 

RADIAL  CLrARASCE 

=  1. 2533.2  £- 

■34 

2  SC HE s 

OR  IF 

I3£  DIAMETER  =  5. 

42332F-23 

IXCHE 

s 

SPIV 

Tin* 

LEAK  RATIO 

REYKGLDS 

SO. 

TURKS 

CH?«> 

TO  ARM 

2333 

1-5625 

J.43SPPE-R4 

13.3552 

52 

3333 

1.05125 

2. 13573E-24 

13.4237 

52 

4333 

.78125 

2.R7374E -34 

26.1314 

52 

5303 

.625 

3.5F339--84 

32.5827 

52 

6  rrr 

.515625 

4.27123E-34 

3S.S6I9 

52 

7C23. 

.145312 

5.3-3343E-34 

45.7436 

52 

eccr 

.333525 

5.74K36E-34 

52.2672 

52 

srm 

.34375 

6.43218E-34 

55.5173 

52 

lflroo 

.3125 

7.I5766E-34 

65.1723 

52 

11CCC 

.26125 

7.S4245E-04 

71.3433 

52 

12333 

.257812 

8.5453-1  S-34 

77.7333 

52 

13C33 

.238281 

3.32558E--4 

84.8375 

52 

14333* 

.222556 

1  .83G27E-3-3 

31.5127 

52 

1533? 

.207331 

I.3-75E5E-33 

37. £572 

52 

1 6383. 

.135512 

I . 1 4S84E-03 

134.552 

52 

17038 

.183534 

1. 223-35  E-33 

11 3.. 369 

52 

ippin 

.171875 

1.2SG72E-33 

1 1 7. 057 

52 

lsnrr 

.164362 

1.3G163E-35 

125.S18 

52 

srrrc 

.15625 

1.433ESE-33 

!3?.i72 

52 

21  PC? 

.148457 

1.533I4F-33 

136.684 

52 

22333 

. 1 43625 

1.56831  E-33 

142.72 

52 

2333P 

.13671? 

1.65027E-33 

143.9? 

?2 

243-33. 

.122335 

1.72?5rE-<’3 

155. 5P5 

52 

25333 

.123347 

1.78337 E-33 

162.83? 

51 

MAXIMUM  HOLE  LEKGTK  =  7.35513E-34  IS, 


TABLE  3.5 


ARTILLERY  3E0D  PROGRAM  -  11/26/72 
REVISED  -  12/14/?! 


FLUID  IS  52  CRVTI STOKE  SILICONE 

FLUID  VISCOSITY  -  2D  CEXTIP0IS2 

TEMPER A TORE  =  165  DEG.r 

DENSITY  OF  FLUID  =  .942-5  SMS/CU.CM 

KE.Vi  RADIAL  CLEARANCE  =  I.25222E-C4  INCHES 

ORIFICE  DIAMETER  =  S.42200E-P3  INCHES 


SPIS  TIME 


{RPJO 

2222 

1.A6F75 

3222 

•96P75 

4?28 

.734375 

5FPC 

.57SI25 

6KS 

. A6A375 

ir-id- 

. A1 A2S2 

ccro 

.359375 

sues 

.320312 

1CCC8 

.2SM262 

11C2C 

.265625 

1222c 

-2A21S7 

1 3C-P3 

•222S1S 

14222- 

.227231 

1  52-08 

.15! APS 

isror 

.175687 

17228 

.I7IF75 

1822" 

.162.156 

isreo 

.1523 A A 

arorr 

. 1 AA531 

2!  ops 

.136719 

2?.  P?r 

.132812 

23220 

.125 

2A222 

. 1 191 A1 

25222 

.11523A 

LEAV  RATIO 

REYNOLDS 

6.7A2.S3E-PA 

61.2S62 

1  .80S  APE-03 

91.S34A 

1.34SAPE-C3 

122.597 

i . S7229E-C3 

151.973 

2.2-I967E-23 

1E3.725 

2.350&5E-CS 

213. E71 

2.67A57E-23 

245.415 

3.PCS56E-2S 

275.762 

3  3424KE-23 

304.292 

3.68E52E-2-5 

335.369 

4.2421 7E-C5 

367.66A 

A.3S939E-C3 

397.5 

A. 7055  IE-23 

42S.P35 

5.21939E-C3 

456. SOI 

5.35AP3E-23 

4E7.226 

5.72333E-23 

522-.  35  A 

€.2233. E-23 

SAP. 

5 .36Ai-9i-2  a 

57S.9A6 

6.6525 9E-23 

628.769 

7.PP3S9E-23 

637. 29A 

7.3S635E-23 

671. A53 

7.72577E-25 

7P2.9S 

5.242052-2.3 

731.95 

?.  422.592-2-3 

76A.293 

MAXIMUM  HOLE  LENGTH  -  3.32945E-23  IN, 


TURNS 
TO  ARH 

A? 

4E 

A? 

A3 

4R 

4= 

AS 

AS 

AS 

A? 

AS 

AS 

AS 

AS 

AS 

49 

AS 

AS 

,»c 

AS 

A9 

AS 

AS 

AP 


IS 


TABLE  3.6 


ARTILLERY  SHOD  PROGRAM  -  11/25/70 
REVISED  -  10/14/7! 

FLUID  IS  5 S’  CESTI STOKE  SILICONE 
FLUID  VISCOSITY  =  100*  CESTIPOISE 
TEMPERATURE  =  -55  DE5." 

Dr?JSI”Y  OF  "'!!!!!  z  !.P552  6K5/CU.C" 

MEAB  RADIAL  CLEA-:A=.CE  =  1  .25000E-04  UCHSS 

ORIFICE  DIAMETER  =  5.4P00CF-05  IKCKtS 


SPIK 

TIME 

LEAK  RATIO 

REYSOLDS 

*>.??? 

1 .5625 

1.43674E-05 

1.30547 

1.03125 

2.13565E-05 

1.54287 

a??? 

.76125 

2.R7349E-05 

2.61254 

.625 

3.6F255E-05 

3.25757 

srrr- 

.515625 

4.271 33 E-05 

3.28575 

7P2r 

.445312 

5.02565E-P5 

4. '*7435 

ECPP 

.350625 

5.74703E-05 

5.22553 

.34375 

6.43050 E-05 

5.S5075 

i?rr-a 

.3125 

7.16SC5E-03 

6.515 

i  ires 

.2S125 

7.P4057E-05 

7.13254 

12CPC 

.257812 

S.54276E-05 

7.77161 

i3crs 

.23826! 

5.322S0E-C5 

H. 48166 

1 4sr  r 

.222556 

1.00556 E-04 

5.148F5 

isrc *r 

.20703! 

1.R7549E-04 

5.7S30-1 

isrr* 

.155312 

1.14543 E-04 

10.452 

nw 

. 1S3554 

1.215S5E-04 

1 1 .0533 

i?rrr- 

.171575 

1.28621 E-04 

1 1 .7017 

i?rno 

.164052 

1.36103 E-04 

12.3773 

2rc*rr 

.15625 

1.43325E-04 

13.0323 

2!sre 

.146437 

1 .5U244E-04 

13.5631 

Jt2tT? 

.140525 

1 .5561 6E-04 

14.2552 

23r?P 

.13671? 

1.64542 E-04 

14.5525 

2/,r?r- 

.128505 

1.70FS1E-04 

15.5436 

.123047 

1  .7FF3FE-04 

16.2762 

5WXirU',3  HOLE  LEK5TH  =  7.05451  E-f’5  18. 


TURKS 
TO  ARM 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

si 
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The  forward  velocity  of  an  artillery  projectile  is 
related  to  the  bore  diameter  (D)  and  spin  rate  (e)  by  the 


twist  (I)  of  the  rifling. 


V  * 


2  z.J) 


(3.1.12) 


The  distance  traveled  by  the  projectile  assuming 
negligible  aerodynanic  drag  is: 

x  =  vt  = 


Thus, 


XT 

ZZB 


(3.1.13) 


The  centrifugal  force  er.  a  SEOO  piston  is: 
F  = 

The  tice  delay  free  equation  (3.1.3)  is: 

LA  /TA 
K3  /  2r 

LA  /  cA 

uXB  /  z~a 


(3.1.14) 


(3.1.15) 
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Where: 

a  =  projectile  spin  (sec'J) 

2 

H  =  SEE)  effective  drive  cess  (— -s-e?-  ) 

in 

E  =  distance  of  SEE)  drive  cass  center  of  gravity 
froa  spin  axis  {in} 

Since  both  tine  delays  are  proportional  to  1/u  the  SEE) 
damping  characteristic  results  in  constant  turns  tc  ara. 

This  is  true  even  though  the  distance  frcn  the  center  of 
drive  cass  to  the  spin  axes  varies  during  araing  orcviding 
the  angular  velocity  does  not  vary  appreciably. 

3.2  SHEKfflOD  Safety  Setback  Device 

For  cany  years  there  has  been  a  desire  in  the  nilitary 
to  render  all  amu ration  drop  safe.  Specifically,  it  is 
highly  desirable  that  all  arcunition  be  designed  tc  withstand 
a  40’  drop  onto  any  surface  without  the  possibility  of  the 
fuze  becosing  arsed.  The  basic  problem  has  been  that  under 
such  drop  conditions  the  acceleration  ahich  the  fuze  ex¬ 
periences  can  be  cf  the  sbs  cagnitude  or  cuch  greater  than 
that  experienced  in  an  actual  ballistics  environc-ent.  An 
artillery  shell  dropped  onto  a  S'  steel  plate,  for  exacole, 
could  experience  an  acceleration  of  greater  than  20009  g. 

The  difference,  of  course,  is  that  during  a  firing  the 
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duration  cf  the  acceleration  is  considerably  longer.  Or 
stating  this  another  way,  the  energy  change  involved  in  an 
actual  firing  is  cc-siderably  greater  than  present  in  a 
40'  drop. 

Host  attempts  to  achieve  drop  safety  have  been  based 
upon  a  sicple  spring  cass  systec.  It  is  very  difficult  to 
provide  adequate  drop  safety  in  a  seal!  space  with  simple 
systems  of  this  type.  Titus,  such  devices  are  often 
activated  by  something  less  than  a  40'  drop.  Tc  overcoee 
the  deficiencies  of  the  sicple  spring  nass  systea,  sequential 
soring  cass  systems  were  devised.  Such  systems  differentiate 
between  a  short  duration  and  a  longer  duration  acceleration, 
however,  they  are  generally  cucberscce.  cceposed  of  cany 
parts  and  relatively  expensive  to  canufacture. 

To  achieve  drop  safety  for  this  artillery  S  4  A 
application,  a  SHtA5FlC0  dashpot  was  chosen.  This  SHSARFLGD 
consists  of  an  accurate  piston  and  cylinder  as  shorn  in 
Breed  Corporation  Drawing  h'o.  508970.  A  grease-like  ccxcoound 
is  placed  in  the  clearance  between  the  piston  and  cylinder, 
and  during  activation  of  the  device  the  oiston  coves  relative 
to  the  cylinder  shearing  this  ccepound  causing  a  viscous  re¬ 
tarding  force.  iJhen  the  cevice  is  accelerated,  the  oiston 
begins  coving  in  the  cylinder  being  opposed  by  a  spring  and 
the  viscous  force.  Since  the  retarding  force  is  a  function 
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of  the  velocity  of  the  sin,  the  faster  one  attests  to 
cove  this  pin,  the  greater  the  retarding  force.  It  therefore 
requires  an  acceleration  of  a  significant  cagnitude  and 
duration  to  cause  the  piston  to  travel  the  full  distance  in 
the  cylinder.  Uncer  drop  conditions  with  a  properly  designed 
unit,  the  piston  will  cove  only  a  very  short  distance  in  the 
cylinder,  whereas  under  typical  setback  conditions  sufficient 
energy  is  present  to  pencil  the  piston  to  travel  to  the 
bottoa  of  the  cylinder. 

Because  the  SHEARFLOO  therefore  requires  a  larger  arount 
of  energy  input  to  becoce  fully  activated,  it  successfully 
differentiates  between  a  high  energy  setback  situation  and 
a  nich  lower  energy  drop  condition  even  though  the  cagnitude 
of  the  accelerations  are  tne  sase. 

The  viscosity  of  a  substance  can  be  defined  by  the  rela'  on 


dU 

U3y 


(3.2.1) 


Wiere  «  can  be  a  function  of  U,  y,  h  and  T.  Fcr  the 
case  where  the  clearance  in  the  region  of  interest  is  scall 
cccpared  with  the  radius,  the  viscosity  is  constant,  and 
fully  developed  flew  exists. 


dU  .  U 
Cy  "  h 
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The  shear  stress  is  defined  as  the  force  oer  unit 


area  in  the  x  direction,  thus. 


Tx  "  P.dedx 


(3.2.2) 


h  =  is  the  local  clearance  (a  function  of  x  and  e) 

Fx  =  the  force  on  the  piston  in  the  x  direction 
U  =  the  velocity  of  the  piston 
R  *  the  radius  of  the  piston 

3  =  the  angular  coordinate  around  the  circusference 
x  =  coordinate  along  the  cylinder  axis 
y  =  the  coordinate  perpendicular  to  the  cylinder  axis 
T  =  temperature 


Substituting  these  relationships  and  solving  for  the 
force  on  the  piston, 

Fx  •  11  r Rd-d* 

This  equation  can  be  integrated  for  centered  travel  if  »e  assume 
that  the  viscosity  is  independent  of  X  and  e  to  yield. 


_  2suUSl 


(3.3.3) 


This  is  as  far  as  analysis  can  be  taken  at  this  tire. 


The  relation  relating  the  viscosity  to  the  shear  rate, 
clearance,  temperature,  etc.,  cost  be  determined  experimentally 
for  each  substance  to  be  used. 

In  general,  in  order  to  obtain  a  device  whose  tice  delay 
is  relatively  constant  over  the  military  temperature  range 
the  piston  is  choser  frcu  a  material  having  a  significantly 
higher  thermal  coefficient  of  expansion  than  the  cylinder. 

Once  materials  for  the  piston  and  cylinder  have  been  chosen 
and  once  the  cylinder  internal  diameter  is  picked,  the  diameter 
of  the  piston  can  be  determined  for  optimum  temperature 
compensation  for  a  given  fluid.  For  a  device  the  size  of  the 
safety  setback  device,  very  little  temperature  compensation 
can  be  achieved  in  this  way.  Experimental  results  have 
indicated,  hosrever,  that  the  variation  in  tine  delay  is  not 
as  severe  as  would  be  expected  for  the  SFEARFLOD  msed  in  this 


3.3  Comparison  of  Spring-mass  and  Viscous  Damping  Setback 
Systems 

3.3.1  Analysis  of  Spring-mass  Syslcst 


A  summation  of  the  forces  on  the  mass  from  Figure  3.3.1 


yields: 


Figure  3.3.1 


ZF  =  -HX  +  Fq  +  K  (Y-X)  =  0  (3.3.1) 

Vhere: 

K  =  Kass  of  setback  pin 
X  =  Absolute  displacement  of  setbaci:  pin 
Y  =  Absolute  displacement  of  projectile 
K  =  Spring  constant 

’  Initial  spring  compression  force 
Putting  this  equation  into  standard  fens, 

5  +  i*  =  *r  +  K*  (3.3.2) 


If  we  assume  a  constant  acceleration  of  the  projectile 

Y  =  1/2  at2  (3.3.3) 

Vhere: 


a  *  projectile  acceleration 
t  =  tice 


“hus: 


(3.3.4) 


The  solution  of  equation  (3.3.4)  is  composed  of  a  homogeneous 
and  particular  part. 


Which  can  be  found  in  the  usual  manner  to  be: 


and 


Xj,  =  AjCOs/-^  t  *  AgSin/j^  t 


2 

Xp  =  1/2  a  tZ  -  {-jA) 


(3.3.7) 


The  constants  A.  and  A^  can  be  obtained  frcn  the  initial 
conditions: 

X  =  0,X  =  0  at  t  =  0 

Tc  .jive 

?  (Ka-F.)  = 

X  =  1/2  a  tZ - jJ-  (i  .  cos/gt)  (3.3.8) 

The  relative  cation  of  the  pin  is  therefore: 

(Y-Jt)  =  (—_«)  (1  -  cos/ |t)  (3.3.9) 


The  cotion  of  a  spring  nass  systaa  can  be  siolifiet 
for  the  case  of  a  constant  spring  force  and  a  step  function 
acceleration1.  For  this  case  equation (3.3. 3  becomes: 

XX  =  F0  (3.3.10) 

and 


T  =  A 


(3.3.11) 


Integrating  and  applying  the  initial  conditions: 
i  =  F  t  +  C 
X  -  -V  at  t=0 


ljThis  analysis  follows  a  su^-estinn  by  David  'Hcrnan  and 
Vi  Ilian  3aIderson  of  Harry  Diamond  Laboratories. 
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X  =  1/2  Ft-  Vt 

r  =  a  t  +  c 

Y  =  V  at  i  =  0 

Y  =  A  t  -  V  OStitjj 

» -  0  V‘ 

Y  =  1/2  A  t2  -  V  t  Oftitg 

Y  =  1/2  A  tg2-  V  tg  tg  f  t 


(3.3.13) 


(3.3.34) 


(3.3.15) 


Sliere: 

A  =  Acceleration  of  projectile 
tg  =  Tice  to  stop  projectile 
Y  =  Initial  velocity 


then  the  pin  has  traveled  its  caxinsi  distance  its  veloci 
is  zero.  This  would  always  occur  after  tg  providing  the 
acceleration  exceeds  the  bias  value.  Then  since: 


Y  -  0  =  A  tg  -  Y  (t  =  tg) 

V  =  A  tg  (3.3.16) 
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X  =  0  =  -V  +  Ft, 


‘1=7*0 


(3.3.17) 


tj  =  Ties  at  caxiuua  pin  travel 
The  travel  of  the  pin  fron  equations  (3. 3. 13) and  0.3.14)  is 


Y-X=!/2  A  tg2  -  Y  t0  -  1/2  Ftj^  =  Vtj  (3.3.18) 


Substituting  equations  (3.3. 1§  and  (3.3.17)  into  (3. 3. IE)  and 
sicplifying  yields: 


7  -  ¥  M 

Z  ~  T  '7  ~  A' 


(3.3.19) 


3.3.2  Analysis  of  Yiscous  Caooing  Setback  Systea 

Using  the  sane  notation  as  before  but  neglecting  the 
spring  force  since  the-  soring  is  rat  chosen  to  croside  a  slew 
return  tiae  for  the  piston  and  aill  be  considerably  lighter 
than  the  viscous  damping  force,  yields: 


IF  =  -1UC  -  D(X  -  Y)  =  0 


.  (3.3.20) 


0  =  Linear  viscous  damping  coefficient 


i 


Rearranging  gives: 


A  H  *  K 


(3.3.21) 


If  ue  assume  a  constant  acceleration 


Y  =  at 


(3.3.22) 


l  +  0  i  =  Di  t 

*s  2! 


(3.3.23) 


Again  the  homogeneous  and  particular  solution  can  be 
found  in  the  conventional  manner  to  yield: 


=  A,e  n  + 


(3.3.24) 


Xp  =  3/2  at2  -  t 


(3.3.25) 


Using  the  sere  initial  conditions  as  above  gives  the 


complete  solution:  0 

x  =  m  3t2  .  %  . 

D~ 


(3.3.26) 


Tne  relative  motion  of  the  pin  is  therefore: 


2  =  4^  A* 


0  '  D2' 


(3.3.27) 


r 


Since  (Y-X)<!  and  for  any  reasonable  drop  or  firing  pulse 

U  * 

at»i,  ^  «l  arid  the  second  ters  can  be  neglected,  thus 

z  =  ^  t  (3.3.28) 


3.3.3  Discussion 

Catering  equation (3. 3. 19)  to  equation  {3.3.2Q  it  can 
be  seen  that  for  the  oure  spring  mass  systen  the  travel  of 
the  mass  is  not  only  a  function  of  the  velocity  change  but 
also  of  the  acceleration,  for  the  SKHA5FLQD  system,  however, 
the  travel  is  a  function  of  the  velocity  change  only.  In 
addition,  once  the  bias  acceleration  is  chosen,  the  travel 
of  the  mass  is  fixed  for  the  spring  mass  system  for  a  given 
acceleration  whereas  in  the  SKEARF103  system  there  is  no 
such  limitation  imposed  on  the  design. 


*7o  gel  an  order  cf  magnitude  approximation  assume  (Y-7}=  1  inch 
and  a  =  5xl05  in/sec2-  If  the  first  3nd  second  terms  cn  the 


right  are  equal,  then 

D 

H 


or 

Thus, 

Therefore 

Thus 


.567 


*  -  5£7h 

'  -3-D 

1  =  1.134  a  {g}2 

?!  -3 

g  =  I.jj  x  10  sec 


and  me  second  tem  can  be  neglected. 
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4.  Sutra ry  of  Sork  Accomplished  Under  Contract 
4.1  Scope 

The  scope  of  this  contract  was  to  explore  the  feasibility 
of  a  safety  and  anting  device  for  use  in  artillery  fuzes . 

This  device  was  to  use  dashpots  to  provide  such  functions 
as  anting  delay  and  a  as  tc  include  a  dud  clean  up  feature. 

It  was  to  meet  out-of-line  safety,  safe  separation,  handling, 
environmental  resistance,  physical  shape,  explosive  train, 
dud  clean-up.  and  other  performance  requirements  as  delineated 
in  the  statement  of  work.  The  contract  involved  the 
construction  of  8a  units  to  go  through  two  test  programs  as 
depicted  on  Charts  1  and  2.  During  the  course  of  the  contract 
substantial  modifications  were  cade  in  the  proposed  design 
of  the  5  S  A  device  which  had  the  effect  cf  significantly 
improving  its  reliability  and  safety,  and  s'.'ificantlv 
reducing  manufacturing  costs. 


4.2  Pre-contract  itodifications 


The  original  design  crcpcsed  is  shown  in  Drawing  SQS6G0. 
Prior  to  the  beginning  of  this  contract  several  changes 
were  cade  at  the  suggestion  of  KDL  engineers.  In  particular, 
a  >-eservation  concerning  the  adequacy  of  an  .083  inch  wide 
barrier  in  the  explosive  train  of  the  original  design  was 
removed  through  a  redesign  which  placed  the  SEOD  ticer  in 
the  win  coving  cass  therein  the  ticer  bee  ace  the  barrier 
in  the  explosive  train.  This  design  codification  had  the 
further  advantage  that  the  fragile  prongs  on  the  sliding 
cass  of  the  original  design  could  be  elioinated  which  re¬ 
coved  concern  Jiat  these  prongs  sight  elastically  defora  in  such 
a  way  as  to  beccca  a  significant  source  of  friction. 

An  additional  concern  revolved  around  the  setback  and 
spin  sensing  pins  of  the  original  "design.  This  led  to  the 
incoronration  of  the  SFEASFLOD  setback  sensor  described  above. 

4.3  Early  Design  Changes 

After  the  contract  was  awarded,  a  ceetino  was  held  at 
Harry  Diarond  Laboratories  wherein  the  possibility  of  using 
an  K3L  deveioaed  suaer-cuicfc  detonator  assembly  was  discussed. 
This  is  a  syster  wherein  a  detonator  is  beld  in  a  scall  slider 
srring  loaded  away  fro?:  a  firing  pin.  Uaon  icnact  the  cass 
of  the  slider  prcpels  the  detonator  into  the  fixed  firing  oin. 
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This  discussion  lad  to  tha  idea  of  using  a  delay  detonator  in 
a  similar  manner  and  eventually  resulted  in  the  two  redundant 
delay  detonator  systems  nos  incorporated  in  the  final  design. 
The  second  delay  detonator  was  incoroorated  to  orovide  re¬ 
dundancy  when  the  fuze  is  operated  in  the  delay  code. 

At  this  same  visit  it  was  suggested  that,  if  possible, 
the  site  of  the  S  S  A  should  be  reduced  so  that  when  used  in  a 
module  configuration  it  would  fit  into  a  scalier  cavity  than 
the  H125A1  booster.  As  a  result  the  size  of  the  S  S  A  was 
reduced,  however,  subsequently  it  was  learned  that  even  a 
further  size  reduction  was  desired.  This,  it  is  felt,  cannot 
easily  be  done  with  the  design  configuration  of  the  present 
S  &  A. 

Throughout  the  contract  period,  but  core  specifically 
near  the  beginning  of  the  effort,  a  substantial  amount  of 
effort  went  into  reducing  the  cocple-.ity  of  the  S  S  A.  The 
LAS)  self-destruct  sys ten  was  replaced  by  the  two  impact  sensi¬ 
tive  delay  detonators  as  described  aaove.  Ir.  addition,  a  one 
piece  aluminum:  body  replaced  the  original  two  piece  system 
originally  proposed.  The  slider  weight  uas  redesigned  to 
give  it  a  si  cole.'  and  core  symmetrical  shape  caking  it  possible 
to  be  produced  as  an  aluminum  extrusion  rather  than  a  core 


expensive  zinc  die  casting.  The  original  45°  cocbination  spin 
setback  lock  weight  was  replaced  by  two  spin  sensing  locks  whicn 
provide  out-of-line  locking  and  one  SHEAP.FLOD  setback  pin. 

A  substantial  acsount  of  work  went  into  finding  an  appropriate 
seal  which  would  stand  up  under  tecsersture  cycling  as  well  as  the 
rough  handling  tests.  Modifications  in  this  area  continued  to 
nearly  the  end  of  the  contract. 

4.4  Explosive  Tests 

During  the  second  conth  of  the  contract  cockups  were 
used  to  perform  the  preliminary  explosive  safety  tests  of 
Chart  X.  In  the  out-of-line  condition  it  was  found  that  initiation 
of  the  superquick  detonator  also  resulted  in  initiation  of  the 
two  delay  detonators.  However,  even  with  all  three  explosive 
el exants  going  off,  there  appeared  to  be  no  damage  or  deformation 
to  the  output  leads.  One  unit  was  set  off  with  the  output  froo 
the  detonators  as  nearly  in-line  with  the  RDX  leads  as  possible 
wiihcut  overlapping  them,  '-"hen  the  detonators  ’.rare  set  off 
they  failed  to  set  off  the  SDX  leads.  However,  upon  inspection 
it  was  noted  that  the  lead  cup  tons  were  bowed  slightly.  The 
final  unit  was  set  off  in-line  to  prove  out  the  explosive  train. 

The  unit  functioned  as  planned  with  all  three  leads  again  going 
off  as  determined  by  a  steel  witness  plate. 
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fiine  additional  explosive  tests  were  run  at  Picatinny 
Arsenal  and  were  not  included  on  the  test  olan.  These  tests 
involved  cockup  units  and  were  conducted  to  deteroine  whether 
the  delay  detonators  would  set  off  the  superquick  and  thus 
bypass  the  delay  tice  and  also  what  the  duration  of  the  delay 
tice  was.  During  this  period  these  detonators  were  under 
developrent  at  Picatinny  Arsenal.  The  initial  group  of  five 
units  which  were  tested  produced  erratic  tine  results  but  in 
no  case  did  the  delay  detonator  set  off  the  super-quick 
detonetor.  The  final  four  units  were  tested  using  a  r.ew  lot 
of  detonators  with  significantly  improved  results,  however, 

3  out  of  the  4  units  were  not  within  the  50  i2D  nillisecond 
delay  tine.  Since  these  tests  were  rur.  we  have  had  assurance 
froa  Picatinny  Arsenal  that  the  detonators  can  new  be  obtained 
which  fall  into  the  specified  tolerance  range. 

4.5  Tolerance  Study  and  Initial  Tice  Tests 

During  the  third  conth  of  the  contract  a  10  to  1  layout 
of  the  entire  design  was  cade.  All  of  the  major  parts  were 
studied  and  changes  in  dimensions  and  tolerance  cade  where 
necessary  sc  that  no  combination  of  canufacturing  tolerances 
could  effect  the  reliability  and  safety  of  the  S  5  A.  These 
tolerances  are  reflected  on  the  final  orints. 
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initially  the  StCD  piston  was  first  cade  and  then  ground 
to  size.  However,  due  to  the  snail  size  of  the  part,  rounc'ness 


was  difficult  to  caintain  and  a  condition  of  5  point  losing 
existed.  This  problen  was  solved  by  grinding  the  stcn  in 
longer  lengths  then  cutting  then  to  the  required  length. 

During  this  contract  an  automatic  indexing  test  fixture 
was  constructed  to  Demit  static  load  testing  cf  the  SEGD 
assembly  under  cocauter  cant-pl  in  taty£>-atura  tcaas  f.-aJ 
-6S“F  to  !6GCF.  A  photograph  of  this  test  fixture  is  shown 
in  Figure  4.1.  Test  results  run  on  this  automatic  static 
high  load  3E0D  test  fixture  appeal  in  Table  4.1.  The  force 
applied  to  the  StOD  piston  corresponds  to  13,000  to  16,000  rpa. 
An  .008  inch  orifice  size  was  us^d  except  for  So,  12  which 
had  an  .0013*  orifice  and  So.  15  which  had  an  unknown  orifice 
size.  The  piston/cylinder  clearance  was  between  .000250  and 
.000300  inches. 

After  considerable  testing  a  diametral  clearance  of 
.000250  to  .000300  inches  seecsd  to  be  the  best  tradeoff 
between  tolerance  control  cn  the  one  hand  and  excessive 
leakage  between  the  piston  and  cylinder  on  the  other.  Test 
results  for  several  SEODs  are  shown  in  Table  4.1.  These 
SEODs  utilize  five  centistoke  silicone  fluid  as  did  all 
subsequs't  tests. 


TASIS  4.1  -  STATIC  _CAD  SEOO  RESULTS 


Tics  in  ''.ill issconds  at  Temperature 


SEOO  Ko. 

-55°f 

-35°F 

Acbient 

160°r 

10 

63,  67 

- 

50  ,  50  ,  54  ,  53, 
56,  S3,  53,  55 

45 

11 

95,  95 

90,  S3,  85 

88,  88,  87,  £6, 
88,  87,  89 

78 

12 

597,  478 

423 

395,  387,  438, 
3S4,  37i 

- 

13 

- 

78 

77,  83,  79,  73, 
79,  77,  77,  75 

71 

14 

95,  124 

78,  75 

77,  77,  79,  92, 
78 

77 

IS 

92 

82,  107 

75,  76,  77,  76, 
77,  79 

- 

ie 

- 

171,  173 

153,  163,  164, 
159,  156 

133 

17 

87,  79 

79,  86,  77 

78,  78,  78,  77, 

79,  78,  79 

70 

18 

125,  80 

82,  85,  80 

SO,  80.  £0,  79, 
31,  79 

- 

19 

94,  90 

85,  90,  83 

85,  £3,  86,  35, 
83,  84 

- 

20 

- 

155,  85 

/u,  73,  i- ,  73, 
73,  76,  77.  78 

- 

21 

SO,  76 

79,  71,  69 

60,  61.  61-  63, 

- 

61,  6a 
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4.6  Centrifuoe  Tests 

In  order  to  test  the  operation  of  the  S  S  A  -’svice 
under  varying  spin  rates,  a  centrifuge  (spinner)  aas  built 
based  upon  a  Pope  grinding  soior.  This  centrifuge  aas 
constructed  aftar  consultation  aith  HEi  and  observation  of 
a  sicilar  centrifuge  in  operation  there.  The  centrifuge 
aorked  aell  initially  fica  ifKK)  to  13,000  rso,  hote-er. 
considerable  debugging  aas  required  before  the  higher  speeds 
of  25,030  rps  could  be  reached.  The  cain  broilers  revolved 
around  vibrations  due  to  unbalance  in  the  fixturing  and  the 
fact  that  the  center  of  gravity  of  the  S  5  A  shifts  during 
normal  operation  of  the  device.  A  photograph  of  the  centri¬ 
fuge  is  shc<n  in  Figure  4.2. 

In  Table  4.2  results  of  the  tures-to-ars  versus  rpn  are 
presented.  The  results  of  SE03  Ife.  22  are  plotted  in  Figure  4.3. 
The  tums-to-ara  for  these  cases  aere  slightly  laa  dee  to  the 
orifice  being  saneschat  too  large. 

The  static  SECS  load  tests  (Table  4.1)  were  conducted 
without  the  foil  seal  installed.  The  SECT)  aas  tested  in  a 
vertical  axis  elinirat’ng  the  need  fcr  a  seal.  The  centrifuge 
tests  (Table  4.2)  aere  ran  aithoat  a  cricped  seal.  A  series  of 
tests  aere  conducted  to  verify  that  the  SEED  operated  identically 
xith  and  aithoot  the  seal,  “he  foil  seals  aere  net  necessary 
due  to  the  insignificant  fluid  leakage  betaeen  filling. 
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TA3LE  4.2  -  CGJTaiRKE  S^Ki  TESTS 


Clearance  Orifice 


SEOD  Ik). 

x  ia6 

Diareter 
x  iO3 

„  0~ 
lezp.  r 

mi  Turns 

to  Am  !Vean 

ii 

350 

7 

Arbient 

2,000  18.7, 

17.9, 

22.3, 

27.9 

16 

325 

6.5 

fcbient 

2,700  37.7, 

37.6, 

37.2, 

3,300  37.1 

7,500  30.7 

12.500  23.7 

11,500  15.1, 

27.1, 

25.0, 

27.0 

1SX 

275 

6.5 

fcbient 

2,900  34.3, 

35.4, 

35.8, 

37.0, 

35.5, 

35.7 

-50°F 

2,990  38.2, 

38.2, 

34.3 

fcbient  3,500  35.4,  35.4 
4,000  93.8,  34.4 
5,000  34.0,  32.7 
6,000  31.4,  31.8 
7,090  34.5,  27.0, 

31.2 

8,000  29.4,  28.5 
10,000  27.9,  23.1 
12,000  35. 4,  33.6 
13,000  21.4,  24.9, 

24.2 

21  200  4.5  Anbient  2,900  51.6,  51.1, 

55,3,  52.3 
10,000  89.1,  43.5, 

47.5,  45.7 

21X  275  4.5  Anbient  2,900  48.7,  47.9, 

50.6,  49.5 
10,000  45.1,  43.4 

43.8,  45.5 

22  Asbient  2,000  34.6,  31.8 

40.4  35.6 


3,000  25.0,  2S.0. 

25.4,  26.1  25.4 

5,000  28.0.  24.8, 


24.3,  24.4  25. 

10,000  29.8  29. 

11,200  25. S,  35.2  31- 

12,800  31.1,  3i.4  31. 

13,000  2S.7  23. 

15,500  35.4  35.4 

20,000  35.4,  34.3  35.3 

22,000  32.1  32.1 
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placing  into  the  spin  fixture  and  initiating  spin. 

Refilling  the  SHOP  was  accomplished  by  resitting  tne 
piston,  filling  with  filtered  fluid  and  replacing  the  piston. 
Once  the  retaining  washer  has  been  crisped  to  the  5EOO 
cylinder  the  cylinder  cay  not  be  used  again.  In  early 
environmental  tests  cany  SEODs  were  used  over  again. 

These  SEODS  were  net  crisped.  In  these  cases  the  retaining 
washer  was  held  against  the  foil  disc  and  SEOD  cylinder 
by  a  washer  fitting  around  the  retaining  washer  and 
threaded  into  the  slider  weight. 

4.7  Preliainary  Test  Flan  Results  -  Chart  1 

Tne  results  of  the  four  units  tested  for  a  ruing  according 
to  Chart  1  are  shown  ir  Table  4.3.  All  four  were  tested  at 
-55°r  ambient  and  +163°r.  The  results  of  the  six  laboratory 
environmental  test  units  from  Chart  1  are  as  follows.  The 
five  foot  drop  test  was  conducted  according  to  "Il-STD-331 
Test  113  except  that  all  drops  were  cade  at  7  feet  instead 
of  5  feet.  The  S  i  A  was  screwed  into  a  3"  long  secticn  of 
an  81  cm.  round  and  the  test  unit  was  drooped  onto  a  steel  plate 
several  tines  in  each  of  the  five  orientations,  '-'hsn  dropoing 
the  fuae  in  the  horiiontal  plane  emphasis  was  placed  on  aligning 
the  s:ider  in  a  vertical  position  so  as  to  put  the  greatest  load 


on  the  spin  loci  pins.  In  the  horizontal  olane  after  reseated 
drops  the  material  aroind  the  detent  of  the  slider  started  to 
bend.  The  unit  remainrd  safe  and  armed  properly  then  SDun. 

Nevertheless,  the  slider  was  strengthened  to  eliminate  this 
condi tion. 

The  A3  foot  drop  test  was  conducted  according  to 
HIL-ST9-331  Test  103.  The  S  3  A  device  was  screwed  into  an 
JX-39  fuze  and  then  into  a  S'  length  of  an  81  as.  mortar  case. 

After  five  -9  foot  drop  the  uni  t  was  removed  free  the  re r tar 
case,  put  in  a  centrifuge  and  scan.  The  unit  arced  in  32.8 
turns,  after  the  drops  as  compared  to  an  average  of  32.2  turns 
before  the  drops. 

The  jolt  test  of  Chart  1  was  conducted  in  accordance  with 
1UL-ST9-331  Test  101.  The  test  olan  of  Chart  1  was  codified 
socewhat  to  Derail  the  simultaneous  running  of  these  prelin’nary 
tests.  One  unit  was  jolt  tested  at  Picatinny  Arsenal.  A  hair¬ 
line  crack  developed  in  the  foil  which  permitted  the  fluid  to 
leak  oat-  After  the  jolt  test  the  S  S  A  functioned  when  soon 
in  0.6  turns.  A  similar  problem  occurred  in  the  jumble  test 
which  was  conducted  on  one  unit  in  accordance  with  MIL- STD- 331 
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Test  102.  The  unit  armed  in  .5  turns. 


TABLE  4.3 


Arming  Tests  at  Different  Temperatures  -  Chart  1 
Four  Units  3.000  RFH 

„  „  5  Variation 


S  S  A 

-60°F 

febient 

+160°F 

Hot  to  C( 

6 

40.0 

42.9,  41.8 

43.1 

-  95 

7 

23.5 

20.6,  21.3 

22.6 

+  55 

3 

32.9 

28.6.  30.9 

31.8 

+  35 

9 

34.1 

32.6.  32.1 

30.3 

+135 

The  transportation  vibration  test  was  conducted  in 
accordance  with  HIL-STD-331  Test  104  procedure  I.  Four 
S  i  A  units  were  vibrated;  two  having  a  new  seal  designed 
after  the  previous  jolt  and  jucble  tests  and  two  with  the  old 
seal.  The  ness  seal  differed  fron  the  old  seal  in  that  a 
codified  sealing  washer  having  a  smaller  internal  diameter 
was  used.  One  of  the  SEOOs  having  the  old  sealing  systeo 
leaked  The  test  results  for  the  four  units  vibrated  are 
shewn  in  Table  4.4.  After  the  vibration  tests  ail  units 
were  armed  then  taken  apart  and  insiected.  All  parts  of  the 
S  4  A  were  intact  and  with  the  exception  of  the  one  unit 
that  leaked,  no  signs  of  degradation  of  any  of  the  Darts 
were  evident.  As  a  result  of  these  tests  several  modifications 
were  made  to  various  parts  of  the  S  i  A.  All  of  these  codifi¬ 
cations  are  depicted  in  the  final  set  of  drawings. 
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TABLE  4.4 

Transportation  Vibration  Tes.s 

-  Chart  1 

S  i  A 

Tums-to-ara 

3efore 

Transportation  Yibration 

Turns- to- ana 

After 

Transportation  Yibration 

04 

38.3,  39.3 

41.1 

05 

54.8,  49.5 

55.8 

C6 

40.6,  43.7 

.7* 

07 

23.8,  22.6 

25.1 

♦Foil 

sealing  disc  fractured  and  SE0D  leaked. 

4.8  l!ain  Test  Plan  Results  -  Chart  2 

The  results  of  the  rare  extensive  testing  as  depicted  in 
Chart  2  appear  in  Tables  4.5  through  4.13.  The  fifteen  units 
which  were  to  be  c  tecked  at  -60°,  ar*ient  and  +1£0°  for  tums- 
to-ara  were  actually  put  through  a  far  core  extensive  test 
than  called  for  on  the  test  plan.  Instead  of  running  just  5 
units  at  each  of  the  temperatures ,  it  was  decided  to  run  all 
15  units  through  each  of  the  temperatures  and  also  at  three 
different  spin  rates.  The  results  appear  in  Table  4.5.  A 
f «  data  points  are  nissing  due  to  equipment  problems  wherein 
the  turns- to-ara  did  rot  record.  Two  units  appear  with  a 
rather  snail  number  of  turns-to-am.  In  both  cases  this  was 
due  tc  problems  with  the  foil  sealing  disc.  In  the  case  of 
Fute  Jto.  10  run  at  160°  the  foil  had  been  misinstalled  leaving 
a  gap  through  which  the  fluid  could  leak  cut.  Ir  the  case  of 
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Fuze  to.  10  at  -65°  the  foil  had  a  defect  permitting  the 
fluid  to  leak  out. 

The  failure  of  the  foil  seal  in  several  of  the  tests  has 
highlighted  this  potential  problem  area.  This  is  important 
since  loss  of  the  fluid  would  result  in  a  loss  of  tost  of  the 
arming  delay.  A  procedure  must  therefore  be  included  in  the 
production  process  to  verify  fluid  presence.  This  could  be 
done  on  an  automatic  soin  fixture  which  would  time  the  SEOD, 
then  shift  the  entire  assembly  so  that  centrifugal  force  would 
return  the  piston  to  its  starting  position  creating  a  consider¬ 
able  pressure  (such  as  100  psi)  followed  by  a  retiming.  A 
comparison  of  the  first  and  second  times  wculd  then  be  a  check 
of  fluid  leakage.  A  simple  inertial  mechanism  could  also  be 
incorporated  which  would  lock  the  slider  in  the  safe  position 
if  its  initial  velocity  exceeded  a  given  value  indicating  that 
the  fluid  had  escaped.* 

The  two  places  where  this  timer  could  be  expected  to 
deviate  from  a  constant  turns- to-3rm,  if  at  all,  wculd  be 
at  lew  spin  rates  and  cold  temperature  where  viscous  effects 
would  take  place  in  the  orifice  and  at  high  soin  rates  and 
high  temperature  where  the  leakage  in  the  clearance  between 

AS 

♦This  idea  was  suggested  by  Hilliaa  Balderson 
of  Harry  Diamond  Laboratories. 


the  piston  and  cylinder  would  cause  the  turns-to-ara  to  decrease, 
froca  Table  4.5  an  increase  in  the  turns-to-ara  did  in  fact  take 
place  at  the  1 ow  spin  rates  between  aabient  and  -65°.  However, 
between  arbient  and  -40°  there  is  very  little  shift.  The 
second  condition  did  not  occur,  however,  for  the  soin  rates 
tested.  Very  little  shift  occurred  in  the  turns-to-ara  in 
going  froa  aubient  to  +160°  at  the  high  spin  rates.  The 
highest  spin  rate  used  for  this  test  was  12,000  to  13,000  rpo. 
Since  projectiles  spin  as  high  as  25,000  to  30,000  rta  it 
would  be  desirable  to  run  secs  tests  up  at  this  area.  However, 
the  fact  that  no  significant  change  took  place  at  12,000  to 
13,003  rpa  indicates  that  the  leakage  at  this  spin  rale  was 
seal!.  Thus  even  though  this  leakage  would  increase  by  a 
factor  of  approxicately  4  at  25,000  a  significant  chance  in 
the  turns  to  am  should  not  taka  place  at  this  higher  rpa  ooint. 

Tables  4,6  to  4.9  shews  the  results  of  the  sequential  test 
units.  Froa  these  results  it  can  be  seen  that  no  aopreciable 
change  occurred  during  transportation  vibration  tests  or  the 
5  foot  drop  tests  (actually  run  at  7  feet).  However,  during 
the  junble  test  wood  chips  iron  the  juable  box  apparently  got 
into  the  fute  through  the  cnen  lead  holes  (tests  were  run 
without  leads)  and  rur.ctured  the  foil  seal  -emitting  the 
fluid  to  leak  out.  Soin  to  am  tests  therefore  could  not 
be  run  on  the  juable  or  the  jolt  units.  Curinc  the  jolt  test 
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TABLE  4.5 


TET.PERA7URE  SPIN'  TESTS  -  CHART  2 
Turns- to-ana  (Spin  Rate  2000-2500) 


SEOD  No.  -65°F 

-40°F 

Aebi ent 

+160°F 

5 

55.2 

50.7 

44.0 

48.3 

7 

61.5, 

59.5 

51.6 

46.1 

52.7 

8 

55.0, 

61.8 

52.8 

45.8 

54.4 

9 

61.3, 

62.6 

54.1 

47.7 

52.4 

10 

57.7, 

57.5 

49.3 

45.5 

44.7 

11 

63.6, 

59.1 

49.2 

47.6 

52.4 

12 

54.8, 

51.0 

50.0 

46.0 

46.9 

13 

- 

67.6 

53.4 

45.8 

53.9 

14 

61.0, 

59.8 

51.6 

47.9 

- 

15 

66.6, 

59.0 

52.8 

46.4 

47.0 

16 

- 

55.9 

50.9 

46.2 

47.7 

17 

72.4, 

60.6 

49.4 

44.7 

49.9 

18 

57.3, 

53.2 

52.4 

48.1 

48.4 

19 

49.6, 

53.6 

47.0 

39.9 

- 

20 

64.4, 

57.0 

50.8 

44.6 

- 

Kean 

59.69 

51.07 

45.76 

50.31 

Std. 

Dev.  5.3 

1.9 

2.0 

4.0 

Turns- tc-ara  (Spi 

n  Rate  6500-7000) 

6 

42.9 

_ 

46.2 

45.1 

7 

44.4 

- 

42.9 

45.2 

8 

43.0 

- 

45.3 

44.0 

9 

50.0 

- 

49.2 

49.7 

10 

39.2 

- 

42.8 

45.4 

11 

Tl.9 

- 

42.9 

43.9 

12 

45.5 

- 

47.9 

r.0.5 

13 

43.3 

- 

42.3 

41.5 

14 

41.5 

- 

45.1 

47.7 

15 

47.2 

- 

46.8 

49.9 

16 

46.9 

- 

43.9 

47^9 

17 

47.0 

- 

45.6 

43.6 

18 

47.9 

- 

49.9 

52. S 

19 

44.3 

- 

42.4 

45.9 

20 

44.8 

- 

41.5  ' 

47.9 

Kean 

45.00 

_ 

45.00 

45.81 

S  td. 

Cev.  2.95 

- 

2.6 

3.C5 

TASLE  4.5  (Continued) 


Turns- to-arm  (Spin  Rate  12,000  -  13,000) 


SEOD  Mo. 

-65°F 

-40°r 

Asbient 

+160°F 

6 

45.7 

45.0 

46.0 

7 

49.8 

- 

47.6 

44.0 

8 

50.0 

- 

49.9 

56.6 

9 

46.6 

- 

47.9 

51.2 

10 

53.3 

- 

48.2 

11.2* 

11 

43.1 

- 

45.3 

48.7 

12 

50.8 

- 

45.2 

44.7 

13 

41.2 

- 

43.7 

52.1 

14 

55.6 

- 

50.5 

53.5 

15 

20.4 

- 

46.0 

48.6 

16 

42.8 

- 

43.9 

47.5 

17 

48.4 

_ 

44.4 

43.4 

18 

52.5 

_ 

47.5 

46.9 

19 

_ 

- 

- 

48.5 

20 

49.8 

- 

45.0 

47.3 

tiean 

46.45 

_ 

46.46 

48.55 

Std-  Dev. 

8.6 

- 

2.17 

3.59 

‘Eliminated  from  Kean  and  Standard  Deviation  ca 1 eolations - 


run  on  the  non-sequential  units  to  be  discussed  below,  some  of 
the  delay  detonators  had  broken  through  the  bottom  of  the  slider. 
For  the  units  run  in  the  sequential  test  the  bottoms  of  the 
delay  detonator  cavities  had  been  thickened  and  no  breakthroughs 
occurred  thus  correcting  this  problem. 

The  results  for  the  non-sequential  tests  are  shown  in 
Tables  4.10  through  4.13.  From  these  results  it  can  be  seen 
that  no  degradation  occurred  due  to  7  foot  drop  or  transportation 
vibration.  For  the  jolt  test  as  mentioned  above,  the  delay 
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TAELE  4.6 


TABLE  4.7 

Sequential  Test  -  7  Foot  Drop  -  Chart  2 
Turns- to-ara 


Before  Vibration 


After  Drop 


TABLE  4.3 


Sequential  Test  -  Junble  -  Chart  2 
Turns- to-ara 


Before  Vibration 

After  Junble 

47.2 

food  chips  punctured  foils. 

44.6 

All  units  less  than  1  turn-to-ara. 

44.7 

47.3 

45.1 

Mean 

45.78 

Std. 

Dev.  1.36 

TABLE  4.S 

Sequential  Test  -  Jolt  -  Chart  2 
Turns-to-ara 

Before  Vibration  After  Jolt 

44.7  Foils  broken  in  juable  test. 

46.2  All  unit.,  less  than  1  tum-to-an?. 

44.5 

47.7 
44.5 

tear.  45.54 


Std-  Oev. 


1.39 


detonators  broke  through  the  bottoa  of  the  slider  and  into 
the  blast  cavity  locking  the  slider  so  that  arsing  could  not 
occur.  This  was  corrected  for  the  sequential  tests  as 
centicned  above.  In  the  case  of  the  jucfcle  test  the  three 
lead  cup  holes  in  the  bottoa  of  the  fuze  were  sealed  with 
a  piece  of  adhesive  backed  aluainu?  foil.  7his  prevented 
wood  chips  froo  the  jumble  box  froo  getting  into  the  inside 
of  the  fuze  and  thus  none  of  the  foils  were  punctured  by 
wood  Chios.  One  unit,  however,  did  partially  am  due  to  the 
centrifugal  locks  cosing  cut  and  permitting  the  slider  to  save 
sufficiently  for  the  foil  to  break  and  sate  of  this  fluid  to 
leak  out  and  partial  arsing  occurred.  Bone  of  these  tests 
were  run  with  the  SHEASROO  setback  pin  assembled.  If  this 
pin  had  been  included  it  would  necessitate  disassembling  the 
unit,  removing  the  SHEASfLOO  pin  and  reassembling  it  prior, 
to  spin  testing.  Had  the  S5ESRFL0D  pin  been  in  place  this 
single  unit  probably  would  not  have  partially  anted  during 
the  juable  test. 

To  summarize,  a  few  problems  arose  daring  the  HIL-STD 
tests.  However,  ir.  each  case  it  appears  the  problem  can  be 
easily  corrected. 

This  completes  the  analysis  o:  the  75  S  S  A  devices 
according  to  test  plan  of  Chart  2-  Twenty  units  were  sent  to 
EL  to  be  fired  for  different  guns  as  per  the  !Sl  test  plan. 
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7  Foot  Drop  Test  -  Chart  2 

Turns- to-ara 

Before  Droo 

After  Droo 

<7.7 

45.6 

44.5 

44.5 

<5.5 

43.9 

«.o 

45.1 

<4.3 

63.8 

Mean 

45.<0 

48.98 

Std.  Dev. 

1.62 

8.36 

TAES.E  4.11 

Jolt  Test 

-  Chart  2 

Turns- to-ara 

Before  Jolt 

After  Jolt 

41.7 

* 

41.3 

42-8 

42.4 

* 

42.1 

* 

44.0 

* 

Kean 

42.3 

Std.  Dev. 

1.04 

•Delay  detonators  broke  through  slider  hotter  jarcing  slider. 


TABLE  4.12 


4=V!=  >  •  -  -Chart  2 
Turns-to-ara 

Before  Jucble  After  Jicble 


48.7 

Unit  partially  arced  during  jutble 

46.2 

43.2 

48.1 

41.6 

45.0 

41.5 

46.3 

43.1 

Kean 

47.06 

42.35 

Std. 

Dev.  1.25 

.925 

TABLE  4.12 

Transportation  Vibration  Test  -  Chart  2 

Tums-to-arc 

Before  Vibration 

After  Vibration 

Std.  Dev 


.  Preliminary  to  the  firing  of  the  20  fuzes,  nine  S  S  A 
units  sere  fired  for  background  information.  Fcr  the  first 
firing  three  S  S  A  units  were  used  without  the  SHEAHFLOD 
setback  pin.  All  three  armed.  For  the  second  firing  the 
setback  pin  was  provided  but  without  the  cccpcvr.d  between 
the  pin  and  its  cylinder.  Once  again,  all  three  S  S  A 
units  armed  and  were  locked  in  the  in-line  position  by  the 
setback  pin.  For  the  third  firing  the  compound  was  used  on 
the  setback  pin  and  once  again  ail  three  S  5  A  units  arced 
with  the  SHEARFLOD  pin  providing  in-line  locking. 

The  results  of  the  20  units  delivered  to  Kerry  Distend 
Laboratories  and  fired  at  Aberdeen  Proving  Ground  are 
presented  in  Table  A. Id.  Fifteen  boosters  arced,  txo  were 
lost,  ore  did  not  era  and  the  retaining  two  were  considered 
a  “no  test".  The  cr.e  which  did  not  arc  was  due  to  deformation 
of  the  shoulder  at  the  bottsa  of  the  delay  detonator  holes 
which  prevented  slider  cotton.  Upon  inspection  the  thickness 
of  the  shoulder  on  this  unit  was  found  to  be  below  tolerance. 
The  two  “no  test"  units  had  at  least  partially  arced  since 
the  SEOD  foil  was  punctured.  In  both  cases  it  is  believed 
that  foil  arcing  occurred  ar.d  that  the  icpact  jolt  drove  the 
slider  to  the  cut-of-lise  position.  Since  this  could  not 
be  verified  they  should  be  eliminated  froa  the  test  results. 
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Bate  Fired:  “avc-ter  3, 
Caliber  105  re. 

1971 

Rd  So.  Pressure  ?SI 

Ch’rfwr  Sase 

Setback 

Velocity 

FPS 

Spin 

rfh 

Depth 

in. 

Angle 

dea. 

S  J  A 
Condition 

1 

34,590 

33,/C'D 

13,918 

1,0  J/ 

13,254 

So 

0 

A 

2 

35,599 

34.739 

14,331 

1,579 

15,232 

139 

5 

A 

3 

35,503 

34,709 

14.331 

1.5S0 

15,233 

92 

o 

A 

4 

35,000 

24,230 

14,227 

1.560 

15,233 

133 

9 

» 

n 

5 

34,709 

33,50-9 

14,00-0 

1.579 

15,232 

118 

0 

A 

Caliber 

K?!i:  15 

5  sc. 

1 

6,399 

6,75-3 

2,093 

553 

3,193 

eo 

5 

A 

2 

6,309 

6,250 

1,333 

Lost 

Lost 

60 

10 

A 

3 

6,359 

6,250 

1,555 

650 

3,114 

114 

0 

SI 

4 

7,003 

5,559 

2,155 

£63 

3,129 

43 

45 

5 

6,609 

5,550 

2,031 

657 

3,139 

72 

30 

A 

Date  Fired:  Rsvesier  11 

137f 

Caliber 

153:  17 

=  ==. 

1 

4S.2C3 

42,271 

10,595 

2,883 

15,050 

20 

65 

Floated 

2 

30,509 

44,258 

11,243 

2,825 

15,034 

23 

85 

m 

3 

43,203 

42,271 

19,737 

2.S84 

15,072 

24 

SO 

m 

4 

30,333 

44,552 

11.315 

2,8?5 

15,034 

42 

45 

m 

5 

53,499 

42.2C9 

11,183 

2,817 

14,724 

30 

85 

■ 

Caliber 

LT’i:  S 

inch 

1 

5,00-3 

3,352 

2,243 

893 

2,910 

Lest 

Lost 

2 

6.653 

S.5S4 

2,19! 

810 

2,515 

Lost 

Lost 

3 

8,703 

3.555 

2,156 

803 

2,892 

132 

0 

4 

3.700 

S,555 

2,155 

£02 

2,655 

132 

0 

5 

8,533 

3,4=7 

2,141 

804 

2,392 

56 

30 

Angle  = 

degrees 

frc=  vertical. 

4.9.  SHEASrLOS  Setback  Pin  Test  Results 

Several  tests  were  additionally  run  to  test  the  SHEA3FLQ0 
setback  pin  by  itself.  The  test  fixtures  used  were  H125E1 
booster  bodies  bored  out  to  accept  an  alusinus  insert  which 
held  six  SHSAKfLOD  tice  delay  pins.  Three  types  of  setback 
pins  were  tested  in  the  first  firing  with  diaaeters  of  1/15, 
5/64  and  3/32  inch  respectively.  The  pins  were  steel  and  had 
a  diacetral  clearance  of  .001  inches  to  .0015  inches.  Frcs 
these  tests  the  largest  pin  {3/32)  provided  the  necessary 
soveaent  when  fired  in  the  75  m.  gun  (high  g  test)  but  did 
not  cove  sufficiently  in  the  4.2  inch  rortar  (1300  3*s  lew 
g  test).  The  scalier  diareter  pins  did  not  provide  sufficient 
travel  in  either  gun. 

New  pins  were  cade  with  diaceters  of  .0995  inches,  .111 

inches  and  .125  inches  having  diacetral  clearance  of  -001  inches 

to  .0015  inches.  These  were  fired  in  a  4.2  inch  cortar  with 

none  of  then  coving  a  sufficient  distance.  Drop  tests  were 

run  on  these  larger  diacstsr  pins  resulting  in  drop  safety 

being  achieved  froa  a  drop  of  25  feat,  however,  above  25 

/ 

feet  the  travel  of  the  pin  was  occasionally  far  enough  so  as 
to  no  longer  blcck  the  slider  and  at  40  feet  the  setback  pin 
coved  the  necessary  distance  in  every  case.  All  of  these 
results  were  obtained  using  an  31  c=.  carter  shell  as  the  drop 
test  device.  AH  tests  were  run  with  the  shell  in  a  vertical 
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position  giving  the  caxinun  iconise  to  the  setback  pin. 

The  clearance  was  increased  to  .005  inches  and  four 
different  size  pins  were  used,  all  of  which  coved  the  re¬ 
quired  distance.  The  pins  tested  were  .093  inches.  .0935 
inches,  -111  inches,  and  .125  inches.  These  same  units  were  drop 
tested  free  a  distance  of  20  feet  and  in  no  case  did  the  pin 
cove  a  sufficient  distance  to  percit  notion  of  the  slider. 

Sith  the  exception  of  the  .125  inch  pin  all  «*f  the  pins  raved 
between  .025  and  .030  inches  at  a  drop  height  cf  20  feet,  which 
results  in  a  locking  engagement  of  iron  .025  to  .030  inches. 

The  .125  inch  diameter  coved  soeeahat  further.  LTsen  drop 
testing  the  SH5A3R.QD  setback  pin  the  bias  end  return  spring 
is  left  cut  to  persit  measurement  of  the  actual  ration  of  the 
pin.  This  spring  would  reduce  the  travel  of  the  setback  pin 
in  an  actual  case.  The  springs  are  included  in  the  test 
firing  of  the  entire  S  5  A  device. 

The  SHEA3RC3  setback  pin  is  thus  capable  of  experiencing 
at  least  a  20  foot  drop  height  without  releasing  the  slider 
which  is  a  significant  improvement  over  the  equivalent  spring 
mass  setback  system. 

5.  Discussion 

Tha  subject  contract  was  to  explore  the  possibilities  of  the 
SE0D  device  in  an  artillery  5  S  A.  A  great  deal  has  been 


learned  about  this  device  teen  used  in  an  artillery  envircn«nt 
froa  this  contract.  Several  itens  have  since  beer,  proven 
feasible  using  the  SECD  in  other  munitions.  Kith  the  ccxbir.ed 
experience  of  these  pregrins  plus  the  continuing  in-house 
research  and  development  efforts  that  have  been  going  on  at 
the  Breed  Corporation  a  great  deal  of  confidence  h3s  now  been 
gained  in  the  use  of  the  SECO  in  ordnance  items.  Although 
sere  problems  were  encountered  in  this  first  feasibility 
study  on  the  SECO  applied  to  the  S125  booster,  no  serious 
problems  appeared  and  the  problers  that  did  arise  appear  to 
have  been  solved.  The  puncturing  of  the  foil  seal  by  the 
wood  chips,  for  exarple,  resulted  because  the  leads  were  not 
assembled  into  the  S  S  A  unit  resulting  in  three  larse  holes 
through  which  contamination  could  enter.  Once  these  holes 
were  closed  none  of  the  foil  seals  punctured  free  this  cause. 
The  cne  which  did  puncture  was  due  to  the  fact  that  the  two 
spin  locks  ccrsntarily  released  the  slider  which  was  then 
free  to  cove  since  the  setback  pin  had  not  been  installed 
in  these  units.  Since  the  setback  pin  will  safe  the  unit  for 
up  to  a  20  foot  arc?  onto  a  steel  plate,  it  is  unlikely  that 
tr.e  setback  pin  vculd  be  reroved  as  a  detent  during  a  jurole 
test.  Tr.e  seven  foot  drop,  jolt  and  vibration  tests  were  all 
successfully  passed  with  the  exception  of  a  inner  problea  wS’th 


and  jamming  the  slider.  ’Xhen  this  section  was  thickened, 
no  such  problen  occurred. 

During  this  contract  ieprovements  were  cade  in  the  design 
frco  the  ranufacturaaility  standpoint  which  should  reduce  the 
canufacturing  costs.  In  production  the  itea  is  expected  to 
be  less  expensive  than  the  new  standard  M125.  In  addition, 
the  size  of  the  unit  has  been  reduced  below  the  standard  K125 
to  permit  its  use  ir.  a  larger  variety  of  projectiles. 

The  reliability  of  this  S  4  A  should  be  better  than  the 
standard  H125  due  to  the  three  separate  explosive  trains  which 
are  present.  This,  it  is  believed,  will  result  in  the  extremely 
low  dud  rate  desired  for  artillery  acmuniticn. 

Perhaps  the  wst  significant  advantage  of  this  systea 
lies  in  collateral  savings  by  significantly  reducing  the 
complexity  needed  in  the  eain  artillery  fuze.  This  reduction 
in  coeplex.ity  further  should  ieprove  the  reliability  of  the 
entire  projectile. 

6.  Recommendations  for  Future  Vork 

Although  it  is  strongly  felt  that  the  S  S  A  that  was  the 
product  of  this  contract  could  be  quickly  readied  for  production 
with  the  cost  savings  and  reliability  improvements  discussed 
above,  it  is  nevertheless  felt  that  additional  work  could  be 
done  to  improve  the  design  in  the  safety  area. 
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-  The  three  pieces  where  it  is  felt  that  improvements  frca 
the  safety  standpoint  could  be  accomplished  are  in  the  foil 
seal,  the  centrifugal  weights  and  the  setback  systea.  Out 
of  work  conducted  concurrently  with  this  contract  case  a  new 
concept  in  fusing  called,  “Total  Iraersicr.  Fusing”.  As 
applied  to  this  problem  this  would  involve  eliminating  the 
foil  seal  on  the  SEOD  and  filling  the  entire  S  S  A  mechanism 
with  the  appropriate  fluid,  then  sealing  the  entire  mechanise 
with  a  considerably  stronger  hermetic  seal.  All  parts  within 
the  fuze  would  now  be  icrarsed  totally  in  fluid.  The  setback 
systea  for  example  instead  of  being  a  SHEARFLCO  would  now 
become  a  SEOD  type  device.  A  SHEAXFLOD  will  selectively  respond 
to  high  acceleration  pulses  due  to  the  pseudoplasticity  of  the 
compounds  used.  In  other  words,  for  the  sane  energy  pulse  a 
SHEARROD  will  move  further  under  a  high  average  acceleration 
than  it  will  under  a  lew  acceleration.  A  SEOD,  on  the  other 
hand,  selectively  attenuates  high  acceleration  pulses  responding 
relatively  core  to  low  g  pulses  than  to  high  g  pulses.  This 
is  due  to  the  fact  that  the  SECD  responds  to  the  square  root 
of  the  applied  force  whereas  the  5HEAAFLGD  responds  to  the 
force  raised  to  some  power  greater  than  1.  The  net  effect  of 
this  is  that  a  SEOD  could  be  designed  not  to  respond  to  forty 
foot  cr  even  significantly  higher  drops,  thus  rendering  the 
fuse  considerably  core  drop  safe. 
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The  spin  locks  or.  the  slider  also  would  become  SEODs 
with  short  delays  and  thus  will  r.ot  respond  to  the  type  of 
jolt  environment  which  caused  the  two  pins  to  release  the 
slider  in  the  jolt  test  described  above,  thus,  again  rendering 
the  item  considerably  safer. 

By  sealing  the  entire  S  S  A  device  as  opposed  to  just 
sealing  the  SHOD,  the  S  1  A  can  new  be  rendered  resettable 
so  that  if  for  any  possible  reason  arming  is  initiated,  then 
stopped,  the  unit  will  reset  itself  to  its  initial  state. 

Finally,  the  imersion  of  all  parts  of  the  S  S  A  device 
in  a  damping  fluid  greatly  reduces  the  effects  of  rough 
handling  or  vibrations  rendering  the  fuze  far  more  resistant 
to  these  types  of  environments.  Similarly,  the  iroerSicn  of 
all  parts  in  this  fluid  followed  by  hermetically  sealing  the 
S  S  A  renders  the  item  insensitive  to  storage  under  adverse 
environments  and  even  permits  storage  under  water.  In  addition, 
by  the  use  of  total  i emersion  techniques,  a  mechanism  can  be 
included  within  the  S  &  A  device  which  checks  for  the  presence 
of  fluid  ar.d  renders  the  munition  fail  safe  if  fluid  is  not 
present. 

3y  virtue  of  the  safety  ar.d  other  advantages  that  total 
inversion  fuzing  has  to  offer,  it  is  therefore  strongly 
reccrpsnded  that  in  addition  to  carrying  forward  the  S  S  A 
device  as  designed  in  this  contract,  that  an  additional  effort 
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Appendix  1  -  Ti  tative  Specifications  and  Purchase  Description 

1.  Sense. 

1.1  This  specification  covers  one  type  of  safety  and  arsing 
device  for  use  with  artillery  anzinition. 

2.  Applicable  Cccursnts.  {Sat  available  at  this  tire.) 

3.  Resuirc.-rer.ts. 

3.1  Sarnies. 

3.1.1  First  Article  Asoroval  Sarnie.  {Sot  applicable  at  this  tire 

3.1.2  Sucoiesental  Sarales.  (riot  applicable  at  this  tire.) 

3.1.3  Ccrparison  Smola.  (Sot  applicable  at  this  tire.) 

3.2  Construction.  The  device  shall  be  constructed  in  accordance 
with  the  applicable  drawings  (Dreed  Corporation  So.  SC89TD). 

3.2.1  Kateriais.  Katerials  shall  be  those  specified  by  the 
appli ruble  drawings. 

3.2.2  Dirar.sicr.s  and  Technical  lotas. 

3.2.2. 1  listed.  Those  dimensions  ar.d  technical  reqsi rerents 
listed  in  the  prelirinary  classification  of  defects  are  rand.tory. 
3.2.J.2  Unlisted.  The  contractor  c?y  propose  charges  to 
characteristics  shewn  on  the  drawings  but  not  listed  in  the 
Classification  cf  Defects,  for  the  purpose  of  adapting  the 


iten  to  established  panufacturinq  practices.  Sum  proposals 


cast  ta  accompanied  by  evidence  chat  the  change  dres  not 
affect  the  design  and  that  all  requirements  will  be  net.  If 
the  Government  confirms  the  contention  of  the  contractor,  the 
change  will  be  approved  fcr  the  duration  of  the  contract.  In 
case  of  dispute,  the  characteristics  of  the  drawings  shall 
apply.  Approval  of  a  change  under  previsions  of  this  para¬ 
graph  does  not  relieve  the  contractor  frea  establishing  and 
maintaining  an  adequate  quality  assurance  program  as  elsewhere 
required.  Provisions  of  this  paragraph  shall  not  be  used  to 
obtain  approval  for  use  of  discrepant  material  {i.e.  produced 
before  approval  is  obtained);  or  for  design  changes,  which 
should  be  required  ir.  accordance  with  change  provisions  of  the 
contract  document. 

3.2.2.3  Interchangeability.  The  contractor  will  r.ot  assume, 
nor  does  the  Government  guarantee  that  all  possible  combinations 
of  tolerance  permitted  by  the  drawings  and  specifications  will 
consistently  satisfy  the  test  requirements  without  the  possibility 
of  selective  assembly.  Therefore,  the  manufacturer  is  obligated 
to  choose  those  combinations  of  tolerances  and  fits  within  the 
licits  of  the  specifications  end  drawings  that  test  suit  his 


process  needs  and  still  satisfy  the  test  requirements. 

3.3  Performance  recui recants.  The  performance  requirements 
contained  herein  ere  mandatory. 


3.3.1  Operation  recui recants. 

3.3.1. 1  -'on-arr.ino.  The  device  shall  not  arn  if  spun  at 
1003  rpa  for  10  seconds  at  any  temperature  from  -65°F  to 
160°F  with  the  safety  setback  pin  recoved. 

3.3.1. 1.1  Tne  setback  pin  shall  not  arm  when  assembled  into 
an  81  ea.  carter  shell  and  cropped  from  20  feet  onto  a  steel 
plate  at  all  temperatures  from  -65°F  to  153°F. 

3.3.1.2  Armine.  The  device  shall  era  between  35  to  £0  turns 
when  operated  at  any  temperaturefrea  -£5°F  to  l£5°r  arid  at 
any  spin  rate  from  2,000  rpc  to  30,000  rps  with  the  safety 
setback  pin  present  and  removed. 

3.3.1.2.1  The  setback  pin  shall  permit  arcring  of  the  slider 
when  assembled  into  a  175  ns.  artillery  shell  and  dropped 
from  100  feet  onto  a  steel  plate  at  all  temperatures  froa 
-65°r  to  1£0CF. 

3.3.1. 3  Eallistic  functioning. 

3.3.1. 3.1  First  article  approval  sample.  The  device  shall 
function  on  impact  with  a  duimy  fuze  warhead  when  fired  from 
a  4.2  inch  mortar  with  £  increments. 

3.3.1.3.2  lot  acceptance.  Sot  applicable  at  this  time. 

3.3.2  Ssn-oyratlna  recuirements-  Sot  applicable  at  This  time. 

3.3.3  Er.vircnrsr.tal  recur re-ents. 

3.3.3. 1  Hermetic  seal.  There  shall  be  no  escape  of  gas  or 
evidence  of  fluid  leakage  when  the  device  is  initially  heated 
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to  175°?,  than  while  hot  placed  in  a  helium  or  nitrogen  eraser 
for  a  cinimra  of  30  cinutes  at  a  Einium  of  30  Ibs/sq.in.  gace 
pressure  then  isrersed  in  a  water  bath  at  175°F  el0°  for  £0 
seconds.  Toe  fluid  used  shall  be  colored  for  this  test. 

3.3.3.2  Transportation  vibration.  The  device  shall  rest  the 
requirements  specified  in  3.3.1  following  subjection  to  the 
transportation  vibration  tests  of  KIL-STB  331  Test  104. 

3. 3.3. 3  Jolt.  The  device  shall  be  safe  to  dispose  of  after 
being  subjected  to  HIL-STO  331  Test  101. 

3.3.5.4  Juuble.  Tne  device  shall  be  safe  to  dispose  of  after 
being  subjected  to  HIL-STD  331  Test  102. 

3.3.3.5  Forty  foot  drop.  The  device  shall  be  safe  to  dispose 
of  after  being  subjected  tc  KIL-STD  331  Test  103. 

3.3.3.S  Five  foot  drop.  The  device  Shall  ceet  the  requirements 
of  paragraph  3.3.1  after  being  subjected  to  KIl-STD-331  Test  111. 

3.3.4  Reliability  resui rerents,  riot  applicable  at  this  ties. 

3.4  Korbauishio.  All  parts  shall  be  canufactured  and  finished 
in  a  thoroughly  uorfcanlike  naor.er  to  insure  satisfactory 
functioning  and  durability  (Sea  HIL-A2550.  Condition  of  Materials, 
Parts  and  Assemblies). 

3.4.1  Other  special  recur recants:  Rot  applicable  at  this  tire. 

4.  Quality  Assurance  Provisions. 

4.1  Resrcrsibilitv  fer  irscottic-..  Unless  otherwise  specified 
in  the  contract  or  purchase  crier,  the  supplier  is  responsible 
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far  the  performance  cf  all  inspection  requirements  as  specified 
herein.  Except  as  otherwise  specified  in  the  contract  or 
order,  the  supplier  cay  use  his  can  or  any  other  facilities 
suitable  for  the  perforcar.ce  of  the  inspection  requirements 
specified  herein,  unless  disapproved  by  the  Government.  The 
Government  reserves  the  right  to  perrons  any  of  the  inspections 
set  forth  in  the  specification  where  such  inspections  are  deemed 
necessary  to  assure  supplies  and  services  conform  to  prescribed 
requirements. 

4.1.1  Contractor  Quality  assurance  svstea.  The  contractor 
shall  provide  and  maintain  a  quality  assurance  system  ir. 
compliance  with  HIL-I-45203  and  Appendix  A  thereto. 

4.2  Government  verification.  All  quality  assurance  operations 
performed  by  the  contractor  will  be  subject  to  Government 
verification  in  compliance  with  MIL-I-45203  and  Appendix  A 
thereto. 

4.3  First  article  approval  sample.  Sot  applicable  at  this  tire. 

4.4  Acceatar.ee  inspection.  Inspection  shall  be  specified  in 
HIL-A-2550  and  in  this  document. 

4.4.1  Lot  formation-  Sot  applicable  at  this  tice. 

4.4.2  Sampling,  Sat  applicable  at  this  time. 

4.4.3  Let  Acceptance.  Set  applicable  at  this  time. 

4.4.4  Data  Secordino.  Sot  applicable  at  this  tire. 

4.4.5  Classification  of  Defects.  (Preliminary) 
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The  assenhly  shall  be  inspected  by  using  the  Classification  of 


Defects  and  appropriate  drawing. 


Categories 

Defects 

Method  of  Insoecticn 

Critical 

1 

Tiser  pin  cissing 

.015 

Visual 

Ji3jGr 

101 

Slider  detent  pin 
cissing 

0.0-5 

Visual 

102 

Distance  frca  top 
of  artillery 
adapter  to  cover 

0.65 

Gage 

Minor 

201 

Lead  cup  assembly 
crisped 

1.5 

Visual  ■ 

4.4.S.2  Artillery  Adaoter  (Orewino  Go.  50S933). 

Cate caries 

Defects 

Method  of  Insoection 

Critical 

AOL 

Kajor 

101 

Depth  of  cavity 
.495  +.035 

0.65 

Gage 

102 

Seal’  cavity  width 
.654  +.004 

.65 

Cage 

103 

Width  of  cavity 
large  .953  +.004 

.65 

Sace 

Minor 

231 

Overall  length 

1.493  -.033 

1.5 

Gage 

i-  7 


iL, 


202 


Depth  of  slot 
.203  +.003 


1.3 


Sage 


203 

Depth  of  upper 
cavity  .614  +.005 

1.5 

Gage 

209 

Counterbore 

1.5 

Gage 

205 

Vidth  of  groove 
.156  +.003 

1.5 

Gage 

205 

Sea'll  thread 

1.5 

Gage 

207 

Large  thread 

1.5 

Gage 

203 

Surface  finish  in 
cavity 

1.5 

Visual 

4.4. 5.3  Lead 

cua  assembly  (Dravir.o 

mO. 

503501). 

Catecories 

Defects 

Method  of  Inspection 

Critical 

£SL 

Hajor 

Hinor 

201 

Diaceter  of  cup 
assembly 

1.5 

Gage 

202 

Length  of  cup 
assembly 

1.5 

Gage 

4.4. 5.4  lead 

cuo  (Oraairw  Ko.  503335). 

Catenaries 

Defects 

Kethod  of  inspection 

Critical 

ML 

Kajor 

Kir.or 

231 


232 


0.  D.  of  cap 

length  of  css 
.335  -.033 


l.S 


203  I.D.  of  cup  1.5 
4.4.5.S  Pin  tirer  (Praying  to.  £59127). 
Categories  Defects 


iiethod  of  inscection 


Critical 

ACL 

tojor 

101 

Thickness  of 
flat  .035  cax. 

.65 

Gage 

102 

Length  of  pin 
.320  -.005 

.55 

6age 

Kinor 

tii 

Pin  stall  diaceter 
.078  -.005 

1.5 

Gage 

4.4. 5.6  Cover 

(Oratrinq  iio.  599022] 

!• 

Catecoiies 

Defects 

Xethod  of  Inscection 

Critical 

Kajor 

101 


Depth  of  groove 
.049  -.004 

Depth  of  groove 
.039  -.005 


Kajor  diaseter 
1.620  -.010 

Position  of  holes 
1.100  ±.0-32 

Width  of  firing 
pin  point 
.015  -.037 


204 


length  of  firing 
pin  .0C4  -.003 


1.5 


Gage 


205 

Location  of  hole 
.242  e.003 

1.5 

Gage 

4.4.S.7  Slider  detent  oin  fDraxir.o  So. 

509095). 

Cateeories 

Defects 

Method  of  Insoection 

Critical 

AOL 

Kajor 

101 

Length  of  pin 
.295  -.005 

.65 

Gage 

Minor 

201 

Oiaceter  of  pin 
.155  -.M2 

1.5 

Gage 

4.4.S.8  Slider  detent  oin  sprina 

(Dravina  Kb.  509D94). 

Cateeories 

Defects 

Method  of  Inspection 

Critical 

5Sk 

Major 

101 

Load  at  .195 

.65 

Spring  tester 

Minor 

201 

Diane ter 

1.5 

Gage 

4.4. 5.9  SI 

ider  veicht  assecSlv  (Draxir.e  So.  503S9D). 

Cateeories 

Defects 

Method  of  Inspection 

Critical 

AOL 

Kajor 

Hirer 

201 

Detonator  stating 

1.5 

Visual 

202 

SlCD  assertly 
staking 

1.5 

Visual 

Categories 

Critical 


Defects 


Method  of  Inspection 


AOL 


Major 

101 

Thickness  .446  -.004 

.65 

Gage 

102 

Width  .950  -.004 

.65 

Gage 

Minor 

201 

Hole  dia=ster 
.378  +.0CS 

1.5 

Gage 

202 

Location  of 
detonator 
holes  .744  ±.003 

l.S 

Gage 

203 

Location  of 

SH±A3?LCD  hole 
.330  ±.003 

1.5 

Gage 

204 

Oiaseter  of  delay 
detonator  hole 
and  coimtsriore 

1.5 

Gage 

205 

0.0.  delay  deton¬ 
ator  cavity 
.127  R  ±.003 

1.5 

Gage 

205 

Oetonator  hole 
.128  +.CC3  and 
ccunterbcre 

1.5 

Gage 

207 

Depth  of  sethack 
pin  hole  .410 
+.005 

1.5 

Gace 

208 

Thickness  of 
detonator  hole 
flanges  .016  -.003 

1.5 

6a  pe 

203 

Thickness  of 
slider  weight. 

c  ~ 

4.4.5.11  Xodific-d  X"-?5-53  SO  Billisecond  delay 
detonator  (Drawing  to.  539104). 


Catecories 

Detects 

Method  of  Inspection 

Critical 

AQL 

Major 

Minor 

201 

O.D. 

1.5  Gage 

202 

Length 

1.5  Gage 

4.4.5.12  K-S5 

Stab  detonator  (Qraxina  to.  50S344). 

Catecories 

Defects 

Method  of  Insoection 

Critical 

ASL 

Kajor 

Kinor 

201 

Outside  diaceter 

1*5  629^ 

4.4.5.13  Slider  Lead  Cuo  and  ?DX  (Drawino  to.  509103). 

Categories 

Defects 

Method  of  Insoection 

Minor 

201  Length  1.5  Gage 

4.4.5.14  SSSA3TL03  ciston  (Draaino  Ko.  50BS94). 

Categories  Defects  Method  of  Inspection 

Critical  AQL 

Kajor 

101  Diacetcr  .052  -.005  t.S  Gage 


Minor 

201 


Surface  finish 
32  rss 


1.5 


Visual 


202 

Haxicua  overall 
length 

1.5 

Gace 

4.4.5.15  1 

SH’CARFLOO  cylinder  (Drawina  So 

.  509101). 

Catecories 

Defects 

Method  of  Insoection 

Critical 

Aq 

Major 

101 

I.D. 

.65 

Gage 

102 

Outside  diaxeter 

1.5 

■  Gage 

Minor 

201 

Surface  finish 

32  rrs 

1.5 

Visual 

202 

Length 

1.5 

Gage 

4.4.5.16  : 

ShtASFLOD  retainino  vrasher  (Drain no  So.  503395). 

Catecories 

Defects 

Method  of  Inscection 

Critical 

AgL 

Major 

Hir.or 

201 

Outside  diaxeter 

1.5 

Gage 

4.4.5.17 

SKEASFL03  sorino  (Drawina 

So. 

505993). 

Catecories 

Defects 

Method  of  Insoection 

Critical 

Aa 

Major 

- 

Minor 

201 

Load  at  .200 

1.5 

Spring  tester 

202 

Diacater 

1.5 

Gace 

T 
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Cateccries 

Defects 

H; 

:thod  of  Inscection 

Critical 

AQL 

Major 

Minor 

Overall  length 

1.5 

Gage 

4.4.5.19  S£CD 

oiston  assembly  (Draxir.a  .‘to. 

509129). 

Catecories 

Defects 

Method  of  Inscection 

Critical 

tSL 

Major 

101 

Stake 

.65 

Visual 

4.4.5.20  S5C-3  Disten  (Qrasino  S>. 

509125). 

Categories 

Defects 

Method  of  Inscection 

Critical 

AQL 

Major 

101 

0.  D.  .2594  =.001 

.65 

Gage 

Minor 

201 

1.0.  .126  +.002 

1.5 

Gage 

202 

Length  .195  -.005 

1.5 

Gage 

4.4.5.21  rcil 

orifice  (Draxir.q  Ko. 

,  5C2098) 

Categories 

Defects 

Method  of  Inspection 

Critical 

act. 

Major 

- 

Miner 


201 

Orifice  diameter 

1.5 

Comparator 

202 

Dianater 

III 

Gage 

4.. 


4.4.5.22  Orifice  foil  washer  (Drawinc  S39379). 

Catecories 

Defects 

Method  of  Inspection 

Critical 

Major 

. 

Minor 

201 

0.9. 

1.5  Gage 

4.4.5.23  S5GD  cylinder  {Craving  .'io 

.  5339331. 

Categories 

Defects 

Method  of  Inspection 

Critical 

SSL 

Major 

101 

1.-9. 

.55  Gage 

Minor 

231 

Surface  finis!; 

8  ns 

1.5  Visual 

202 

Oi ace ter  .355  +.003 

1.5  Gage 

203 

O.D. 

1.5  Gage 

204 

Hole  cepth 

.040  +.003 

1.5  Gage 

205 

Length 

4.5  Gage 

4.4.5.24  : 

Seali-ia  washer  (Drawing  Mo.  5G3732). 

Catecories 

Defects 

Method  of  Inscection 

Critical 

Major 

- 

- 

Minor 

201 

0.0. 

1.5  Gace 

/-  15 


<.4.5.25  SHOP  closing  disc  (Dreair.a  ?&.  505959). 


Categories 

Defects 

Method  of  Inspection 

Critical 

AQL 

Major 

Hirer 

201 

0.0. 

1.5  Gaga 

4.4.5.25  Retaining  tsasher  (Dretfir.s 

So.  5057151. 

Cateqories 

Defects 

Method  cf  insaectian 

Critical 

£2L 

Kajor 

Hirer 

201 

Length 

2.5  Sage 

202 

45°  cfca=fer 

1.5  Comparator 

203 

0.0.  .352  -.004 

1.5  Gage 

4.4.5.27  Foil 

disc  (Orasrir.o  Ko.  5C371*). 

Cateqories 

Defects 

Method  of  Inspection 

Critical 

AQL 

Hirer 

201  Thickness  1.5  5352 

4.4.5.2B  5EOO  saving  (Sraainc  S3.  5337C3). 

Categories  Defects  Method  of  Inspection 

A2L 


Critical 


4.4.6  Accaota-ica  tests.  Set  applicable  at  this  tire. 


4.5  Test  conditions  and  equipment. 

4-5.1  Test  conditicr.s.  Unless  otherwise  specified,  all  measurements 
are  to  be  cade  at  normal  ambient  roca  conditions  of  temperature,  rel¬ 
ative  humidity  and  altitude.  The  following  table  of  tolerances  shall 
be  applied  where  applicable  to  specified  test  conditions  unless 
otherwise  defined  in  the  test  procedures: 


a.  Temperature  test  chaster 

±53 

b.  Relative  humidity 

±53 

c.  Vibraticn  amplitude 

±103 

d.  Shock 

±1CS 

e.  Speed 

±13 

f.  Tice 

±13 

4.5.2  Inspection  ecuicment.  Inspection  equipment  shall  be  in 
accordance  with  the  design  level  shown  by  the  applicable  EL  and  of 
sufficient  accuracy  and  quality  to  permit  performance  of  the  re¬ 
quired  inspection.  Gage  and  instrument  setting  shall  be  a  function 
of  the  equipment,  and  independent  of  the  operator.  Equipment  shall 
be  marled  to  indicate  the  limit  of  acceptance  for  each  test,  hot 
shall  not  be  so  narked  as  to  reveal  classified  security  information. 
Test  procedures  ar.d  calibration  procedures  shall  conform  to  KIL-I-452C3 
and  Appendix  A  thereto. 

4.6  Test  procedures.  Sat  applicable  at  this  tire. 


5.  /reparation  for  delivery.  Set  applicable  at  this  tice. 

6.  Kates. 

6.1  The  foregoing  purchase  description  is  necessarily  liaited 
due  to  the  less  than  100  units  which  have  teen  sanufactured 
to  date. 


APPEKDIX  2 


FAILURE  HCSE  EFFECTS  AEALY31S 

2.2  Introduction.  The  tailoring  safety  failure  usee  and 
effects- analysis  ii  zapssti  eccsrdirg  tc-pErasrsph  5.3.2 
of  HiL-STD-332.  This  analysis  is  a  systematic  ccsssi deration 
of  the  effects  or<  fste  safety  of  such  thisgs-as.ssissisa  of 
parts,  breaking  of  parts,  sal  function  of  parts,  oat  sf  order 
sequence,  inspection  procedures  and  pe.  sensei  errors.*  This 
is  a  "one  at  a  tine*  failure  analysis  and  dees  cot  consider 
the  effects  of  failure  of  acre  than  one  component  at  a  tiee. 
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APPENDIX  3 


SAFETY  STATEMENT 

The  artillery  S  &  A  booster  assembly  depicted  in 
Breed  Corporation  Drawing  No.  508970  incorporates  the 
following  safety  features: 

(1)  SEOD  constant  turns  to  arm  arming  delay, 

(2)  two  spin  actuated  slider  detent  lock  pins,  and, 

(3)  one  setback  integrating  SHEARFLOD  slider  detent 
lock. 

The  only  hazardous  situations:  omission  of  one  of 
the  critical  parts  or  loss  of  SEOD  fluid. 

The  only  precautions  that  need  be  taken  are  to  check 
visually  through  the  cover  to  see  that  the  slider  is  in  the 
out-of-line  position  while  assembling  units  and  to  check 
for  presence  of  oil  leakage  onto  exterior  parts. 
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A  POKiT  Dt TON AT I MS  ARTILLERY  FUZE 

sectio::  1 
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SIKiARY 

The  Ereed  Corporation  proposes  to  evaluate  a  point  detonating  artillery 
fuze  costing  one-half  the  current  standard  (1557  fuze  and  which  also  contains 
an  icpact  backup,  self-destruct  systea  that  virtually  assures  elimination  of 
artillery  duds. 

A  gearless  safety  and  arsing  device  is  used  incorporating  a  SHOD  dash- 
pot  for  a  constant  distance  aming  and  a  SHtARfLOD  dashpot  for  sensing  set¬ 
back  acceleration.  This  safety  and  araing  device  was  evaluated  under 
Contract  OAAG39-71-C-GOQ1  with  Harry  Diasond  Laboratories  which  resulted 
from  an  unsolicited  porposal  submitted  by  the  Breed  Corporation  to  the 
Arty  Materiel  Cocuand  tc  apply  Breed  Corporation  dashpots  to  the  problem 
of  artillery  dud  elimination. 

Three  additional  artillery  fuze  designs  having  special  features  but 
incorporating  the  sace  safety  and  araing  device  are  also  presented.  The 
first  consists  of  a  eating  of  the  density  integrating  artillery  fuze  nose 
recently  successfully  tested  by  the  Are y  to  the  dashpot  safety  and  araing 
device.  The  second  is  a  similar  catching  of  a  void  sensing  mechanise 
recently  produced  by  the  Breed  Corporation  again  with  the  dashpot  safety 
and  araing  device.  The  third  consists  of  a  special  ultra-graze  sensitivity 
oechanisc  also  rated  to  the  dashpot  safety  and  araing  device. 

A  two  phase  prograa  is  presented.  Phase  One  consists  of  a  three  conth 
effort  for  design  finalization,  lisited  KIl-STD  testing  and  fabrication  of 
50  fuzes  for  oroving  ground  testing.  A  set  of  drawings  on  Breed  Corporation 
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forcat  will  be  provided  at  the  conclusion  of  this  phase  for  each  design 
evaluated. 

Phase  Two  is  an  in-depth  evaluation  and  consists  of  extensive  HIL-STD 
testing  and  fabrication,  of  2,000  fuzes.  Fnase  Two  requires  an  additional 
four  Ronths. 


SECTION  2 


INTRODUCTION 

Breed  Corporation  proposes  to  evaluate  an  Artillery  Point 
Detonating  Fuze  tc  replace  the  11557  uhich  achieves: 

‘  50C  cost  reduction 

'  Redundant  self-destruct 

Gearless  safecy  and  oicin*  -Jtvict 

Lower  cost  is  achieved  by  incorporating  all  fuze  functions  in  the 
safety  and  arsing  device  including  the  arcing  delay,  delayed  detonation 
after  izpaci  and  self-destruct,  thus  enabling  substantial  sieolificaticn 
of  the  front  end  or  H48  portion  of  the  5S57. 

Redundant  self-destruct  is  provided  by  bringirg  into  alignment  upon 
arcing,  two  delay  detonators  which  upon  iopact,  iroinoe  upon  stationary 
firing  pins  initiating  fifty  cillisecond  delayed  round  detonation. 

The  gearless  safety  and  aroing  device  utilizes  a  SHOD  dashpot  to 
ach'eve  the  artiing  delay.  This  3  l  A  was  successfully  evaluated  under 
Contract  No.  0AA539-71-C-0001. 


SACKG2CC19 

Similar  to  borbs,  rockets,  and  nortars,  cost  artillery  fuzing  can 
be  divided  into  tns  nanner  by  uhich  the  round  is  detonated,  i.e.  Cvoxicity, 
ties  or  icoact.  As  bot!"  prcxirity  and  tire  fuzing  typically  cost  5  to  19 
tires  iaoact  fuzing,  it  is  estirated  that  951  of  all  bccS>,  rocket,  oortar 
and  artillery  fuzing  p ■•educed  is  of  the  icoact  type. 

Even  under  the  present  clicate  of  reduced  nsasition  procurement,  there 
are  reputedly  sene  29  cn  1  lion  icoact  or  point  detonating  artillery  fuzes 
to  be  procured  this  cccing  fiscal  year  at  an  estirated  cost  of  55  to  S6 
each.  The  es^cated  cost  for  the  proposed  fuze  is  less  than  three  -iollars. 

The  52  to  S3  ser  fuze  savings  thus  amounts  to  a  AO  to  6t’  aillion  dollar 
annual  savings  at  current  procurement  levels. 

The  Amy's  standard  point  detonating  fuze  is  the  X5S7.  This  fuze 
consists  of  a  front,  IIAo  oartion  containing  a  Selectable,  superquick  or 
delay,  detonation  feature,  and  an  11125  arising  del?/  assembly  consisting  of 
a  centrifugally  powered  gear  train  clock  oeckanisu  attached  to  the  rear  of 
the  1W3. 

The  reliability  record  of  the  H557  is  in  excess  of  991  on  sere  rounds 
and  seldoa  falls  be lew  951,  even  cn  one  or  txo  trotfclesoce  rounds.  There 
have  been  fee,  if  any,  safety  problems  attributable  to  the  11557.  Any 
significant  icprovecent  to  the  11557  nrjuid  thus  presu«bly  core  first  in  the 
area  of  cost  savings  and  second  an  iroroverent  in  reliability  or  self-destruct 
and  consequent  reduction  of  dud  rounds. 

in  1961,  the  Breed  Corporation  ccrrenced  the  develccr-ent  of  a  facily 
o?  dashpot  tiding  devices  suitable  for  rest  our.ition  fuzing.  One  rente- 
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of  this  dash-pot  family  called  S£CC  (Sharp  Edge  Orifice  Dashpot)  was  evolved 
specifically  for  application  to  the  artillery  arsing  delay.  The  basic 
artillery  SE0£>  dashpot  consists  of  a  cylinder  approxiaately  3/1"  in  diaseter 
and  3/4*  long,  hermetically  sealed  at  each  end  and  filled  with  a  less  than 
10  centistoke  viscosity  fluid.  Within  the  cylinder  is  a  piston  with  a 

300  aicroinch  clearance  between  the  piston  and  cylinder  walls.  In  the  center 

of  the  piston  is  contained  an  apsrexcate  .002"  di are ter  orifice  .002”  in 
length.  For  the  piston  to  rove  within  the  cylinder  the  fluid  Bust  pass  froo 
one  side  of  the  piston  to  the  ether  through  this  orifice.  The  piston  is 
biased  toward  one  end  of  the  cylincer  by  a  light  coil  spring.  A  .001”  thick 
altMinia  foil  cetbr*  seals  one  end  of  the  SEOO  cylinder.  Upon  initiation 
of  the  arsing  delay  a  probe  pierces  this  nertrane  and  presses  upon  the  piston. 

As  the  piston  coves  relative  to  the  cylinder,  a  tine  delay  is  achieved. 

The  fluid  flow  through  the  piston  orifice  is  alacst  wholly  inertial 
as  the  Reynolds  number  is  considerably  greater  than  ore.  A»  a  consequence 
viscous  forces  play  an  insignificant  role  in  determining  the  rate  of  fluid 
flow  giving  rise  to  a  tree  delay  whies  is  independent  of  fluid  viscosity 
and  thus  temperature. 

Due  to  the  docinance  of  inertial  flow,  the  tine  delay  varies  inversely 
as  the  square  root  of  the  applied  force.  Both  temperature  independence  and 
an  arsing  delay  varying  inversely  as  tr.e  square  root  of  the  applied  force 
•jie  necessary  to  achieve  constant  distance  artillery  arsing  over  the 
required  temperature  range. 

The  SE30  adapted  to  an  artillery  safety  and  arsing  (S  S  A)  device 
identic?!  in  size  and  function  to  the  "12m  plus  containing  an  additional 


self-destruct  *eatt.re  was  presented  to  the  Aray  several  years  ego.  This 
presentation  resoltei  in  Contract  No.  OAAS39-71-C-OOQJ  with  Harry  Oiaoond 
Laboratory.,.  Ourinj  perfornance  upon  this  contract  he  originally 
presented  self-destruct  systec  was  set  aside  in  favor  of  an  inpact  backup 
,jSten  conceived  by  Harry  Diamond  Laboratories  and  reduced  to  a  practical 
design,  tested  and  evaluated  by  Frank ford  Arsenal.  This  inpact  backup 
systen  consisted  of  a  detonator  contained  in  a  holds'-  which,  in  the 
arced  condition,  would  cove  forward  approxic.  *  .ly  1/3*  upon  rrund  inpact 
against  a  light  bias  spring.  This  forward  o recent  iepaled  the  detonator 
on  a  firing  pin,  initiating  the  round. 

The  S  t  A  design  evolved  and  tested  during  the  HE.  contract  consisted 
of  a  centrifugal ly  aligned  slider  which  unon  novirg  to  the  arsed  position 
aligned  three  explosive  trains,  a  supertjuick  detonator  on  the  fuse  axis  and 
two  50  Billisecond  delay  detonators,  one  either  side  of  the  suoerguic* 
detonator  containing  the  H2L  iqpact  backup  system.  A  SEOD  dashpct  incorporated 
in  the  slider  assured  the  desired  arsing  distance  before  detonator  alignment. 
The  slider  also  contained  two  centrifugal  lochs  plus  a  drcp  safe,  SHEARFLCO 
das t pot,  setback  acceleration  sensor. 

It  was  the  successfully  achieved  object  of  the  HK.  contractual  effort, 
for  lho  S  S  A  evolved  to  fee  an  exact  replacement  fot  the  1*125,  at  a  lesser  cost 
and  with  the  added  feature  of  a  redundant,  50  Billisecond  delay,  self-destruct 
systee.  Used  as  an  H1C5  replacement,  the  center  superauicfc  detonator  Dicks  up 
the  explosive  output  free  the  KAB  or  any  standard  electronic  or  mechanical 
tioe  fuze,  initiating  the  round.  Should  the  ''-£8.  electronic  or  mechanical 
tine  fuze  fail,  the  tup  $0  nillisecond  delay,  iacact  initiated,  detonators 


rove  forward  at  inpact  striking  firing  pins  causing  round  detonate  . 

Since  the  artillery  fuze  functions  of  arring  delay,  delayed  detonation 
after  iaoact,  and  self-destruct  backup  are  all  contained  in  tie  SEOD  S  &  A, 
a  substantial  simplification  of  tee  fM8  portion  of  the  11557  is  possible. 

This  simplification  with  its  ettendent  cost  savings  is  thp  iriiary  subject 
of  this  proposal. 

In  addition  to  an  ^xact  functional  equivalent  to  the  H557  other  back¬ 
ground  work  has  been  used  to  provide  three  additional  "front  end*  mechanises 
*o  provide  a  co«=>lete  far’ly  of  point  detonating  artillery  fuzes  utilizing 
the  basic  SCUD  dashpot  S  S  A. 

In  rc-ctnt  years  the  Arsy  has  successfully  tested  a  density  integrating 
fuze  nose  Mhich  will  penetrate  without  initiation,  thickly  foliaged  targets 
detonating  only  conn  striking  the  target  or  ground.  In  this  proposal  the 
Amy  design  has  been  adapts  to  the  dashpot  3  l  A. 

The  Breed  Corporation  during  the  last  year  has  participated  in  work 
to  evolve  a  void  sensing  fuze  as  an  alternate  to  oelayed  detonation.  The 
results  of  this  work  have  beer,  incorporated  as  a  void  sensinq  nodule  which 
has  also  been  adapted  to  the  basic  dashpot  S  l  A. 

Finally,  the  Breed  Corporation  has  utilized  its  fluid  technology 
capabilities  to  evolve  an  ultra-graze  sensitive  fuze  where  graze  initiation 
at  impact  angles  of  approxicqteiy  l3  is  achievable.  This  front  end  eodule 
has  also  been  adapted  to  the  basic  dashpot  S  l  A. 
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ORSAIUZATIOUAl  EXPERIBICE 

Breed  Corporation  was  founded  in  1961  by  its  current  president, 

Allen  Breed.  Following  attendance  in  California  Institute  of 
Technology  and  the  University  of  Illinois,  he  received  a  B.S.  degree 
fro*  Korthwestem  University  in  1950.  Joining  with  RCA,  he  progressed 
froa  sanager  of  Manufacturing  and  design  of  the  RCA  electron  tube  aanu- 
facturing  and  design  of  the  RCA  electron  tube  -manufacturing  plant  in 
Cincinnati,  Ohio,  to  director  of  engineering.  Precision  Products  Division 
of  the  Sruen  Hatch  Cocpany.  In  1957  he  began  the  Ua.tha*  Engineering 
Corporation  which  becaee  the  REEK  Corporation  of  which  he  was  president. 

Much  of  this  experience  focused  on  the  problem  of  applying  various 
■ethods  of  tiae  delay  to  nilitary  fuzes.  In  1961  the  Breed  Corporation 
first  established  the  theory  and  basic  uxaputer  programs  that  nade 
possible  the  ordnance  use  of  tine  delay  devices  operating  on  the  principles 
of  fluid  d/naovcs.  The  successful  develoonent  of  fluid  tiaers  has  added 
a  new  class  of  lining  aechanisa  that  can  be  useu  with  confidence  by  fuze 
designers  at  a  fraction  of  present  fuze  costs. 

The  initial  theoretical  and  cocouter  work  was  done  by  David  S.  Breed,  Fh.D. 
now  a  vice  president  and  director  of  research,  lie  holds  an  A.3.  degree  froo 
Carleton  College,  a  3.S.,  and  two  K.S.  degrees  frcra  Massachusetts  Institute 
of  Technology  and  a  Ph.D.  free  Columbia  University. 

Ted  Thuen,  executive  vice  president  and  director  of  engineering,  is 
a  recognized  expert  in  b.'th  product  and  atuc=atic  equipment  design  and  has 
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evolved  oore  than  sixty  fuze  designs  since  joining  the  Breed  Corporation 
in  1962.  He  is  Korvegian  bom  and  educated,  receiving  an  engineering 
degree  in  1956  prior  to  cosing  to  the  United  States. 

fhe  Breed  Corporation's  peraanent  professional  staff  has  been  care¬ 
fully  selected  froo  aen  of  outstanding,  recognized  ability  in  the  fields 
of  tiae  measurement  and  precision  aanufacture.  All  executive  personnel 
and  key  engineering  and  technical  personnel  hold  secret  security 
clearances  and  the  aain  plant  has  a  secret  facility  clearance. 

Modern  research  and  production  facilities  at  a  new  plant  In 
Fairfield,  "Jew  Jersey,  include: 

*  An  advanced  digital  computer  for  control  of  au treated 
fabrication,  design  analyses,  quality  inscectirr.  and 
data  acquisition; 

.  clean-rooe  facilities  filtered  to  0.5  nicron  particle 
removal  (class  100).  assuring  dependable  product 
perfcraance  when  tolerances  are  in  the  order  of 
srli?2r.t'is  of  an  inch; 

sods;  and  tool  shops  ‘or  construction  of  experinental  components 
K.i  tooling  for  precise,  careful  fabrication  of  prototypes  and 
production  qsir.t.ti  , 

‘  "-ray,  centrf  fe,.  ,v.d  other  specifically  designed  non- destructive 
inspection  and  analysis  equipment. 


'  Explosive  lending  and  storage  facilities  in  accordance  with 
Department  of  Defense  safety  regulations  and  Hat  Jersey  state 
law. 

The  remainder  of  our  22,000  square  feet  is  occupied  by  our  design, 
laboratory  and  production  equipment.  The  main  plant  is  augsnted  by 
explosive  and  sub-tropical  environmental  test  areas. 
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PROGRAM  OBJECTIVES 


The  objectives  of  the  subject  program  are: 

To  provide  a  general  purpose  point  detonating  artillery  fuze 
at  one-half  the  cost  of  rhe  current  standard  S55? 

To  provide  a  redundant  iepact  backup,  self-destnct  feature 
to  virtually  elisinate  artillery  duds 

To  provide  a  point  detonating  artillery  vuze  which  does  r.ot 
■elay  upon  the  aanufacturing  facilities  of  the  horological 
industry 

To  provide  three  additional  artillery  point  detonating  fuzes 
utilizing  the  sase  S  S  A  device  for  the  special  target  require¬ 
ments  of  canopy  penetration,  void  sensing  initiation  for  the 
defeat  of  bunkers  and  extreme  graze  sensitivity  for  tank  gun 
ansmition  fuzing. 


SECTION  6 


TECHNICAL  OISCUSSIC 

6.1  Design  S  ternary 

A  family  of  four  point  detonating  artillery  fuzes  is  herein  described. 
All  four  fuzes  contain  the  sase  basic  SEOO  dashpot  safety  and  arninq 
device  incorporating  a  redundant,  50  Billisecond  delay,  self-destruct 
systea  which  was  evolved  and  successfully  evaluated  under  Harry  Diamond 
laboratories  Contract  No.  BAAG39-71-C-00G1.  This  S  i  A  (See  photograpli 
page  13}  contains  a  slider  which  is  urged  into  the  aligned  position  by 
round  spin  and  is  delayed  in  attaining  the  a  rued  position  by  a  SEOD  dash- 
pot  in  such  a  wanner  as  to  result  in  approximate  constant  distant:  arsing. 

A  d.op  safe  SHtARTLOD  dashpot  oust  sense  setback  before  the  araing 
delay  is  permitted  to  coosnce.  Two  additional  centrifugal  locks  cn  the 
slider  are  also  provided.  Three  explosive  trains  are  contained  in  the 
slider  -  a  suptrquick  detonator  on  the  fuze  axis  plus  two  delay  detonators 
configured  in  such  a  manner  that  upon  round  iroact  they  cove  forwai-d 
approximately  1/8"  striking  firing  pins.  Thus,  round  detonation  is  assured 
50  Billiseconds  after  icpact,  contingent  only  upon  the  slider  reaching 
the  arsed  position.  The  superguick  detonator  on  the  fuze  axis  can  be 
initiated  either  by  a  filing  pin  or  an  explosive  output  from  the  front  end 
portion  of  the  fuze. 


Breed  drawing  No.  $03093  depicts  the  SECO  S  &  A  nodule  which  has 
bee.i  mated  to  four  separate  point  detonating  artillery  fuze  designs  in  this 


proposal.  For  detailed  test  results  of  this  S  &  A  performance  the  orogress 
and  final  reports  of  Contract  DAAG3S-71-C-0001  (Harry  Diamond  Laboratories) 
should  be  consulted.  A  FrenFford  Arsenal  Report  Ko.  #1958  contains  a 
detailed  evaluation  of  the  impact  backup  detonation  initiation  system. 

6.2  H557  Equivalent  Plus  Redundant  Self-destruct 

By  incorporating  all  fuze  functions  in  the  dashpot  safety  and  arsing 
device,  the  front  end  or  K48  portion  of  the  K557  need  consist  of  nothing 
■ore  than  a  firing  pin  which  strikes  the  center  detonator  in  the  S  4  A  for 
superquick  functioning  and  a  means  for  preventing  this  action  for  delay 
detonation.  A  suitable  design  is  depicted  in  3reed  Drawing  No.  509172. 
Superquick  or  delayed  detonation  is  achieved  by  a  90°  turn  of  a  slotted 
bushing  in  a  tanner  identical  to  the  !S57.  Turning  the  bushing  to  the 
superquick  setting  permits  round  spin  to  rescre  a  pnysical  barrier  which 
otherwise  prevents  rearward  movement  of  the  firing  pin.  A  delay  setting 
inhibits  removal  of  this  same  barrier  thereby  r reverting  the  firing  pin 
froes  striking  the  detonator  upon  iepact,  The  two  delay  detonators  con¬ 
tained  in  the  S  4  A  slider  always  assure  round  initiation  50  Billiseconds 
after  iepact  if  round  detonation  !,as  not  already  occurred. 

Referring  to  drawing  ho.  509122,  the  basic  structure  seeker  of  the 
fuze  is  a  turned  steel  body  which  contain*  the  threads  for  asseshiy  to  the 
round-  The  dashsot  S  4  A  mechanise  is  inserted  into  the  rear  of  the  body 
followed  by  the  booster  which  is  either  staLed  or  screwed  onto  tie  body. 
Foraaro  of  the  S  4  A  mechanise  is  a  neayy  portion  of  the  body  which  serves 
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to  provide  naxiraai  protection  to  the  S  &  A  at  iapact  when  set  for  delay. 

A  sheetcetal  ogive  containing  a  low  density  plastic  filler  is  secured  to 
the  front  of  the  body  in  such  a  Banner  as  to  give  oaxiaue  grate  sensi¬ 
tivity.  Rearward  covenent  of  this  ogive  at  .epact  foro.s  the  firing  pin 
into  th»  aligned  S  i  A  superquick  detonator  initiating  the  rousd.  When 
set  for  delay  the  interrupter  acts  as  a  physical  barrier  to  the  rearward 
eoveeent  of  the  firing  pin.  As  always,  however,  the  two  delay  detonators 
nove  forward  at  icpact  striking  their  respective  firing  pins  and  thus 
initiating  the  round  50  Billiseconds  after  iepact. 

6.3  Artillery  roint  Detonating  Fuze  with  Density  Integrating  Kose 

Drawing  fio.  509133  depicts  a  point  detonating  artillery  fuze  containing 
a  density  integrating  nose.  A  siailar  nose  design  has  recently  been  reported 
to  have  enabled  the  firing  of  artillery  through  jungle  canopy  with  round 
detonation  not  occurring  until  ground  iepact.  The  fuze  construction  selected 
in  this  case  involves  a  one  piece  body  ogive  design  to  provide  a  suitable 
support  for  the  density  integrating  nose.  A  superquiefc  or  delay  setting  has 
been  provided  si=i ler  to  the  M557.  in  this  instance  a  delay  setting  inhibits 
the  reeeval  of  the  interrupter  with  round  spin,  thereby  fcloci'  the  or’out 
froa  the  detonator  contained  in  the  density  integrating  nose  fren  reaching 
the  center  detonator  in  the  S  2  A.  The  round  is  consequently  detonated  by 
the  two,  50  Billisecond  delay,  detonators  ixving  forward  against  tneir 
respective  firing  pins  at  round  iroact. 

A  suoercuici  setf.na  peraiis  the  interrupter  to  rove  radially  outward 
under  round  spin  thereby  enabling  the  cutout  of  the  nose  detonator  to 
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initiate  the  S  1A  superquick  detonator  upon  ground  ispact. 

6.4  A  Void  Sensing  Point  Oetonating  Artillery  Fuze  with  a  Superquick  Option 

Drawing  tio.  539141  depicts  a  fuze  which  is  settable  frat  the  front 
end  ror  either  superquick  or  void  sensing  detonation.  Kith  either  setting 
the  backup  delay  detonators  in  the  S  &  A  will  cause  rouid  initiation  59 
Milliseconds  after  initial  iopact  if  Initiation  has  not  already  occurred. 

Uhen  iet  for  void  sensing  decoration,  the  firing  pin  rass  novas 
forward  cotpressing  the  firing  pin  spring  upon  round  iepact  peraitting  the 
lock  wire  to  spring  outward  into  the  unlock  position.  The  firing  oin  Bass 
and  firing  pin  remain  in  this  forward  position  until  round  deceleration  ceases 
whereupon  the  firing  pin  spring  p-ppels  both  the  firing  pin  and  firing  oin 
■ass  into  the  center,  super-prick  detonator  contained  in  the  S  1  A.  Rotmd 
detonation  thus  occurs  ei  t  wr  -.hen  the  round  cooes  to  rest  or  when  the 
projectile  enters  ar  interior  void  after  parsing  through  a  barrier,  e.  g.  a 
bunker.  Uhen  set  for  vo'd  initiation  the  keying  arrangement  between  the 
setting  bushing  and  firing  pin  penrits  both  rearward  covenent  of  the  rose 
portion  of  the  fuze  and  forward  novenent  of  the  firing  pin  at  inpact  without 
interference. 

When  set  for  suoerquick  functioning,  the  keying  arrangenent  between  the 
firing  pin  and  setting  bushing  causes  the  firing  pin  to  be  pushed  directly 
into  the  5  A  A  center  detonator  as  the  nose  portion  of  the  fuze  is  aoved 
rearward  upon  target  irpact.  To  cininize  inertial  forces  restricting  this 
rearward  firing  pin  reverent,  the  firing  pin  breaks  free  of  the  firing  pin 
■ass  through  rupturing  the  firing  pin  to  firing  pin  nass  staking.  This 


ceaplete  void  sensing  systen  has  been  successfully  evaluated  on  the  2.75* 
rocket  aunitior. 

6.5  A  Point  Detonating  Ultra-graze  Sensitive  Fuze 

Craning  So.  509157  depicts  a  point  detonating  artillery  fuze  settable 
for  either  superquick  or  dtlay  detonation  and  containing  in  addition  an 
ultra-graze  sensitive  sealed  codule  which  operates  when  *he  fuze  is  set 
for  suoerquick.  The  sealed  aoduie  is  a  cylinder  approxieatsly  3/4'  in 
diaaeter  and  1*'  long  which  is  completely  filled  tritf  a  thin  liquid.  Con¬ 
tained  with  the  completely  filled  sealed  cylinder  is  a  firing  pin  and  an 
inertial  mass  which  upon  any  desired  deceleration  will  wove  forward  re¬ 
leasing  the  firing  pin  to  be  propelled  through  a  thin  foil  seal  into  the 
S  t  A  center  detonator.  The  inertial  mass  is  supported  within  a  cylinder 
on  a  special  bearing  cad  arrar.geaent  such  that  the  coefficient  of  friction 
between  the  iwo  neabers  is  .001.  This  arrangement  effectively  el ici nates 
any  frictional .  drag  on  the  forward  no  resent  of  the  inertial  ass  upon 
graze  iepact  caused  by  the  transverse,  i&oact  acceleration,  component.  The 
axial  deceleration  necessary  to  cause  round  detonation  can  therefore  be  set 
as  close  to  1  g  as  drsired  without  concern  frca  frictional  affects  cassed 
by  transverse  accelerations.  This  nechanisw  contains  its  own  spin  sensing 
system  which  locks  the  graze  sensing  pass  until  the  round  is  deployed. 

Should  the  round  strike  the  nose  portion  of  the  fuze,  rearward  novc- 


aent  of  an  extension  of  this  nose  portion  breaks  through  the  sealed  c~n 
icp-.nging  upon  and  forcing  the  firing  pin  directly  into  the  S  t  A  center 
detonator. 


I  In  the  delay  setting  operation  is  sinilar  to  the  M557  equivalent 

wherein  a  physical  barrier  remains  in  between  the  firing  pin  and  center 
detonator  thus  permitting  the  two  delay  detonators  with  the  S  l  A  to 
cause  round  initiation. 


SECTION  7 
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PROSRW  PLAS 

A  two  chase  developnent  program  Is  proposed  for  the  evaluation  of 
a  point  detonating  artillery  fuze  suitable  as  an  N557  replacement. 

Phase  1  is  an  initia'  feasibility  phase  to  permit  a  prelininary  evaluation 
tc  be  aade.  Phase  2  is  properly  termed  advanced  developaen*. 

7.1  Phase  1 

The  initial  phase  consists  of  engineering,  design,  fabrication.  United 
MIL-STD  testing  with  final  delivery  of  SO  fuzes  for  Any  eviluation. 

A  set  cf  drawings  on  Breed  Corporation  ?oi~at  will  be  delivereo  at  the 
completion  of  the  phase.  T»-c  effort  will  consist  of  seven  task,  and  be 
completed  in  three  ninths. 

Tark  1  -  Design  Finalization 

Task  2  -  centrifuge  Evaluation  of  Arming 

Task  3  -  Explosive  Out-of-line  und  In-line  Propagation  Tests 

Task  4  -  Jolt  -  Jwfeble  Tests  (HIl-STD-331  Tests  101-102) 

Task  5  -  Five  foot  Drop  Tests  (HIL-STD-331  Test  111) 

Task  6  -  Forty  fool  t  rep  Tests  (KlL-STD-331  Test  103) 

Task  7  -  fabrication  and  Delivery  of  W  Fuzes  for  Army  Evaluation 

7.2  Phase  2 

The  second  phase  constitutes  the  advanced  development  phase  and 
consists  of  con tainted  engineering,  redesign,  extensive  HIl-STD  testing 
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*»d  fabrication  and  delivery  of  2000  fuzes  for  Amy  evaluation.  A  revised 
set  of  drivings  on  Breed  Corporation  loroat  will  be  delivered  at  the 
completion  of  tins  four  month  shase. 

The  effort  consists  of  seven  tasks: 

Tasf  1  -  Design  Finalization 

Task  2  -  Centrifuge  Evaluation  of  Arcing 

Task  3  -  Explosive  Propagation  Tests 

Task  4  -  Jolt  -  Jixble  Tests  (HIL-STD-331  T,  sts  101-102} 

Task  5  -  Temperature  and  Hiasidity  {MIL-STD-331  Test  1C5) 

Task  6  -  Transportation  Vibration,  Procedure  II  Cycling 
Method  (KIL-STD-331  Test  104) 

Task  7  -  Fabrication  and  delivery  of  2000  fuzes  for  Arwv 


evaluation 
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SECTIOK  8 
COBCLUSIOK 

For  over  three  decades  ‘_ne  U.  S.  Artillery  point  detonating  fine 
requirecents  have  been  satisfied  by  the  M557  and  predecessor  fuzes  very 
similar  in  design.  All  have  essentially  relied  upon  clockwork  uechanisa 
to  provide  the  'faring  delay •  a  pvrot  '.-.nique  delay  elesent  in  the  front 
portion  of  the  fuze  to  provide  delayed  detonation  after  icoact  and  a 
firing  pin-detonator  In  the  fuze  nose  which,  for  ruperquick  operation, 
flashes  back  through  an  uninterrupted  channel  initiating  a  detonator  in 
the  S  A  A  aechanisa.  For  delayed  ;uncticning  this  chani.v1  is  blocked  thereby 
resulting  in  initiation  of  the  S  A  A  detonator  by  the  front  end.  pyrotechnique 
delay  elenent. 

This  basic  configuration  has  been  i up roved  and  refined  over  the  years 
to  the  point  where  fuzes  produced  in  the  last  few  years  have  a  very  enviable 
reliability  and  safety  record.  Recently  to  handle  special  target  situations, 
different  front  end  P.D.  fuze  designs  have  been  coded  to  the  bas’c  clockwork 
S  A  A  aechanisn  to  provide  canopy  penetration,  void  sensing  for  the  defeat 
of  bunkers  and  better  graze  sensitivity.  There  also  have  been  several  new 
S  A  A  nechenisns  which,  however,  have  all  continued  to  use  clockwork  gears 
and  pinions  to  achieve  the  arsing  delay.  The  object  of  these  new  S  &  A 
designs  has  primarily  been  the  adaptation  of  newer  aanufacturing  techniques 
for  the  fabrication  of  .'.rekwek  parts,  plus  the  utilization  of  designs 
which  were  no re  readily  adaptable  to  auto*ated  assembly. 

The  single  exception  not  involving  clockwork  in  the  artillery  S  A  A 
field  has  been  Breed  Corporation's  SEOD  daihpot  which  was  presented  tc  the 


Army  Kite  riel  Cooaand  and  successfully  evaluated  by  Harry  Dianond  '.aboratories 
under  Contract  No.  DAAG39-71-C-CG31.  lr>  addition  to  providing  a  substantially 
stapler  and  less  costly  arsing  delay  device,  the  saall  size  of  the  SHOO  dash- 
pot  permitted  the  inclusion  of  a  redundant,  SO  ai  1 1  i second  delay,  inpact 
backup,  self-destruct  syster  plus  an  i^roved  setback  sensing  device,  all 
in  the  saae  volire  as  occupied  by  the  K125  conventional  clockwork  S  fc  A. 

The  subject  of  this  proposal  is  the  adaptation  of  this  proven,  artillery 
S  1  A  nodule  to.  first  of  all,  the  high  voluae  *557  fuze  requirement  which 
would  thereby  result  in  a  40  to  *0  million  dollar  annual  savings  at  current 
procurement  levels.  This  proprsal  also  inclines  designs  for  the  adaptation 
of  this  basic  S  A  A  nodule  to  three  additional  point  detonating  artillery 
fuzes  for  the  special  target  situations  previously  senticned.  In  all  four 
designs,  the  substantial  fuze  sisplification  and  consequent  significant  cost 
savings  results  froo  the  basic  sieplicity  of  a  SEOD  dashpot  delay  over 
clockwork  cechaniss  and  by  the  inclusion  within  the  S  A  A  of  the  additional 
function  of  delayed  detonation. 

Finally,  and  perhaps  nost  significant  of  all,  has  been  the  inclusion 
of  a  two  channel,  redundant,  self-destruct  system  in  the  S  A  A  which 
should  assure  the  virtual  eliuination  of  artillery  duds. 
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General 


The  subject  fuze  is  a  further  extension  of  Breed  Corporation's  "Fluid 
Dynamic  Timer"  technology  to  the  artillery  safety  and  arming  mechanism 
field.  Two  separate  fluid  flow  timers  are  utilized,  one  a  Sharp  Edge 
Orifice  Dashpot  "SEOD"  for  the  arming  delay  and  a  Liquid  Annular  Orifice 
Dnshpot  "LAOD"  for  tlie  delayed  self-destruct  "clean  up"  should  the  pri¬ 
mary  fuze  fail .  This  safety  and  arming  device  also  incorporates  dual 
environmental  sensing  to  initiate  arming  (setback  and  spin)  and  is  inter¬ 
changeable  with  the  current  standard  M125  booster  assembly  or  the  similar 
Safety  Adapter. 

The  Arming  Timer  "SEOD" 

To  achieve  constant  distance  arming  for  any  given  artillery  piece  from 
minimum  charge  to  maximum  charge  and  thus  varying  bore  velocities,  the 
centrifugally  powered,  arming  delay  timer,  must  cause  arming  to  occur 
as 'an  inverse,  square  root  function  of  the  applied  force.  For  example, 
a  doubling  of  the  linear  velocity  should  cause  the  arming  timer  to  permit 
arming  ir.  one-half  the  time  to  result  in  the  same  arming  distance.  How¬ 
ever,  doubling  the  linear  velocity  also  doubles  the  rotational  velocity 
(spin)  which  in  turn  causes  a  four  fold  increase  in  the  centrifugal,  forces 
powering  the  arming  delay  timer.  Therefore,  the  arming  timer  must  operate 
as  the  inverse  square  root  of  the  applied  force  (*//  4  ■  1/2)  if  the  same 
arming  distance  is  to  be  achieved. 

In  the  field  of  fluid  restrictors,  the  sharp  edge  orifice  permits  a  volume 
flow  rate  as  the  square  root  of  the  upstream  pressure. 

Another  consideration  is  an  arming  delay  relatively  insensitive  to 
temperatures  over  the  -65  F  to  +160  F  range. 

Fortunately,  in  predominantly  inertial  fluid  flow,  the  fluid  viscosity 
becomes  a  second  order  affect.  Thus  by  appropriate  selection  of  fluid 
velocity,  orifice  type  and  size,  and  upstream  pressure,  it  is  possible 
to  achieve  a  flow  rate  that  varies  as  .lie  square  root  of  the  upstream 
pressure  and  is  relatively  temperature  insensitive. 

Best  Available  Copy 

Use  or  disclosure  of  proposal  data  is  subject  to  the  restriction 
on  the  title  page  of  this  proposal. 


A  :hir«l  ruosiiiorut  10a  Is  a  suitable  seal  bclu«.ci  piston  and  cylinder 
to  thereby  insure  a  primary  fluid  i lev  through  lab  sharp  <_-dco  orific*.-. 
Srecti  C  Ji  p  .rat  ic..'  s  vxacrivnee  wju  its  annular  orifice  dashpats 
using  Ic*.  cost,  accurate  glzs*  pistons  and  cylinders  dictated  t!ic 
selection  of  a  hlgu  precision,  close  tit,  between  piston  and  cyl’n^er 
to  astute  the  proper  flow  path. 

Finally.  as  rot  tionai  velocities  vary  by  a  factor  of  tea  in  conventional 
artillery  thus  causing  a  ten  squared  or  one  hundred  tines  variation  in 
the  tinker  arivm-  force,  consideration  had  to  be  given  to  the  strength 
of  the  dash pot  conponents- 

The  SEOU  presented  in  the  subject  fuze  has  been  bench  tested  and  found 
to  operate  satisfactorily  over  the  range  of  driving  forces  that  would 
be  encountered  by  the  subject  fuze  is  veil  as  at  the  temperature 
extremes  (-65  F  to  +1  (A)  F). 

The  Self-destruct  Timer  "LAPP*' 

3reed  Corporation's  LAPP  uses  pressure  fluid  flow  between  a  spherical 
piston  and  a  glass  cylinder.  As  the  piston  is  forced  through  the 
cylinder,  fluid  flow  between  piston  and  cylinder  necessary  to  permit 
piston  movement  gives  rise  to  .<  tine  delay.  Temperature  compensation 
is  achieved  by  using  the  differential  expansion  between  piston  and 
cylinder  to  change  the  annular  orifice  or  clearance  sufficiently  to 
ca.ch  the  fluid  viscosity  change  and  thus  maintain  a  constant  flov  rite. 
Time  delays  tor  t-.ree-s ixttenth  inch  piston  travel  ir.  a  one-eighth  inzn 
bore,  from  less  than  one  second  to  ever  one  year  are  available.  In  the 
subject  fuze,  a  self-destruct  delay  of  five  to  fifteen  minutes  from  arming 
vzs  selected  as  being  sufficiently  long  to  permit  proper  operation  o:  any 
primary  fuze. 

Armlnc  Initiation 

The  arming  pin  mist  move  ir.  a  direction  parallel  vith  the  fuze  axis  to 
unlock  the  slider.  This  rearward  novenen-  is  caused  by  setback.  Once 
in  a  free  flight,  spin  is  used  to  both  hold  the  arming  pin  in  the  "unlock" 
position  as  veil  as  force  the  slider  against  the  SE02  arming  timer, 
initiating  the  arming  delay.  Thus,  dual  environmental  sensing  i.e. , 
setback  and  spin,  is  necessary  to  cause  arsing. 

Self-destruct  Time  Dohv  Initiation 

Jtovcment  of  the  slider  intc  the  arsed  position,  in  addition  to  aligning 
the  sain  explosive  tra.n  and  thus  enabling  the  primary  fuze  to  initiate 
the  round  at  the  proper  point  or  time,  also  removes  a  ball  detent  on 
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chc  ^cli-d.-struct  liwr  am!  aliens  an  e^’osivc  lead  to  complete 
the  self-destruct  explosive  train.  After  a  five  to  fifteen  minute  de¬ 
lay,  .i^uaisu  a  dad  primary  fuze,  a  stab  detonator  is  initiated  in  the 
self-destruct  unit,  and  the  explosion  propagates  to  the  main  booster 
lead  initialing  the  round. 

Producibil ity 

The  subject  fuze  has  been  designed  around  standard,  high  volrme,  lov 
cost  manufacturing  methods  such  as  aic  castings,  plastic  moldings, 
punch  press  stampings  and  extrusions  and  screw  machine  parts  The  dash- 
pot  components  arc  similarly  economically  mass  prc-'cced  on  ;lass  shrinking 
and  bearing  ball  manufacturing  equipment.  In  spite  of  the  idditional 
features  offered  by  the  subject  fuze  over  the  current  standard  booster 
assembly  and  safety  adapter,  tne  manufacturing  -ost  is  expected  to  be' 
comparable. 
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